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i)<^W^nX\^^^ (^S. ^<^:t^;l^f-^ 1 . 49-57 s 1990) o 

yt-uymtLX[t. 4'. 6- V t Ku + a 4, 4' . 6- h 

U t K n + •> ;r - D > . ;r - U V > . X ;u 7 U 5^ > . ^ ^ ^ 

^ j-r i- yt)<. ^ ^ "^^^ ^ ^ u ^ > # ^ n T ^ o 
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::^rm. =LJ^^m. V 7 v'' f 4 O T >y ^ - A M > ;^ 7 'j 

sojaM. T^T>f4=' >o > ^ ffi tll^ * 

# t tl C i ^^"^a •=> tlT '.^ § (The flavonoids, edited by J. B. 
Harbone, 1988, Chapman & Hall. 340-342) o 

(D^^J&KmtXit. ^©tii^*- b4' ,6- V t Kd ^ -z^ - n >;{?^ 
2' , 4, 4' - h 'J t V u ^ ti Jl yiJ^ b-^^^ tL ^ C iyi^^^^ft^ 

(Rathmel and Bendall, Biochem. J. 127, 125-132, 1972)7&< 

mmLfzmi^-f^ < . It ?H # * -e ^ ® J: -5 ^i: S ^ C o T I ^ ^ © 
^ ic L ^ I ^ o * > ;t - n > © fi^ K ^ ^ S 

K □ V - n > -e « ^ci: < ^ 4- - u -^7 V > -e ^ . # 0 ffl ^ -e ^ 

/cKJS« (-^ t ^ i^nTl-^^A o /-Co C©T-yHr 

m - V ^ 'J ^^$Lir^mn iir -V ^ 'y y y y ^ 



W0 99/54478 PCT/JP99/02045 

4o . ^ ;l/ > ^ t L T . f- h ^ t K o 4- ;^ ;b :3 > , K > ^ 

^ y _ ;^ i/ ^- - -y- CD c> i o i L T^D tl T ^ D ■> - -tr" 

-I* ^ W t T I. ^ ^ c i {c o o 



itt-'S -/Stt^WI- ^PSa{5^l^'Jx.{^':t - U •> V > y ^ --tr'it 

So 

03 (i. SYP8-17 ^ffii.^ycmfe^,#.^§flt{^*JftS y if- >^l/r 
gl4ii. SYP8-17 ^ffil^>cMfe^m^7E#©^^«^|5g^-*Jft S 

petal stagel : o(f<^?t#:5$ 1 -tr > ^ ^ T 

petal stage2 : ^Uh-'^fr^'^ 1 - 1. 5 -b > 

petal stages : o(f;^7E#S$ 1. 5 - 2. 0 -ir > f- 

petal stage4 : o(3f^ :?H#S$ 2. 0-2. 5 -fe > ^ 

petal stages : o {a'<?^^b#S $ 2.5-3.0 -l?>^ 

petal stage6 : L f;7E# 3. Q-fe >f-iil± 
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1115(i. SYP8-17 ^fflO/c^fe. t=>^fes Sfe0^^#.m7E# 

:fe ^ y > »|ff ^ ^ -r o 

(taband AS: 0^' K yS - "5 h -> - -If ) Jn J; 

ElTJi;, tn:SYP8-IgG-Sepharose 4B tJO B# }C ± rf d ^i? t ^ SY 
PBSSa*^ LTl^ -So 

^5 -> V > V > ^ --y'^ftSi-r (^(C. -^-/S o T:t - 

U 'i? i> > V > ^ - -lf'©gP55- T ~ y m^n^M^ t . ^ ti O T 5 

y ^lE^ijic^^-r ^^^^ ij y ^ K^j^^-r^o 

-Ij^ iHi; ^f^m©?E# J: ^ Poly A+RNA^ftML. '^-^(c<J:OcD 
l^T PCR^?f^^> 5}- - ly^ V V > v > --t^'icitf ^6^4' DNAlfrM-^ 

m^4-r^o CCD DNAiffjt*^^ ^-f^-^^'^ '^-^^^"^^ 
fjjeEocDNA^ ^ -y"^ 'J - ^mm-f^ x = Kic^^ ti^jf a DNA^ 



CD i O ^ W y U -r -tr" - '> 3 > {c J: ^ S tR -r ^ C i 

^ V ^) T . "7 ^' ^ . ^ ^ ^ cDNAX {Xf J A 

DNA:^^' ^ {f t> tl ^ o -r y U rJ'" -i" -i?" - ■> 3 > O X h 'J > v x > - 

(D%%\t. m^\t 5 XSSC 50°C. Iff t L < 2 X SSC 50°C. J; 0 0 
^ L < 0 . 2 X SSC 50°C r ^ o 
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nn-'^ (identity) ^ ^ T = y ^iS^U ^W^T ^ S S K . ^ 

^^©seKi c i ^ J: < ^ bti 

T. 5 5 %J^±. $f t t < (i. 6 0 %£l±. t L < 7 0 %]a^± 
. $ fc^f ^ L < {i 8 0 %Jil±.> LT#}c9 0%^:^±cDT^yM 

<t^<^P^>nT(.^^o tA!oT*^BM(i> ?r~a>^J5£rg 

^ n ^ - K f- ^ a ^ s ^ t ^ o 

Ki^SitlE^ti. cDNAXi^^V A DNAi LTs - -i: 

T- i o cDNAcD ^ u - :i- y ''(^ Xt^^m 8-1 0 {C &^ 12 

y A DNA5 U - ^{"Pl^ t s ^n^miScDNAXtt^ ^irK'J:: <fc 

©igsi2^ij^> pcR -mm. mi&=?-^mi'^ir^tz 



^-SMSS^M^ L'i^^m.mfj^^-^1^KU o TcDNA-7 -f 7-7 -X 
ti: y y A DNA^ -r 7- 5 U - * -f^M L > C tl O ^ ^ 7' ^ 'J - ^ > l^'J 

- 7' t L T ffi T . X U - ^ > ^^'f- ^ - i J; ^# ^) n i> o C © 

4^ ■> y - -tr" CO — S -e ab o C i J: «9 s * ^ # b . fiii ® # 'J 7 x 
y - ;u 7t- + •> - . 7^ ;b n > ^li :t - o > ^1 ^-^^f- 'li 

>^^fgtt^W^^ - i ^IJ B§ L o C © C i J; i9 . 'J 7 x y - 

u 7 X y - ;u ;r ^ '> ^" - -t^'-ffife ^ W -r ^ ® - 

I ^ t {c $ n T I. ^ ^j: >6^\ ^ 7^ T- n - ;l/ ;r ^ V - -tr' 

; 1. 10. 3. 1) . ^ ti-^ mn^^ ; 1. 10. 3. 2) . 
n v-^-^r" (P^S^ ; 1. 14. 18. D© 3 mmi^'T^U^tl. 

mo^ K)^^^ >i>t>^mx h ^ mw%x h ^ . m^%<DW<xm^^i}^^'R 

C CD J: -5 . ^t? U 7 X y - ;l/ ;r 4^ ^"^ - . i§ i © ^g^HiJ^ 

i t /c^^ -^-^f^m t . PCR y*^co^ri 'J 7 X 

8 
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J - jl^ 9'~-^^AB=F-^^i%^ ^ t:b<-U^ (Plant Physiol, vol 
.107, P1083-1089, 1995, Plant Physiol, vol.109, p525-531, 19 
95) . c © J: ^ LT^4 i^tl/cit^i^:*^ t>^- a >^^n^t-^vS 

. fiJx.{^':^Mffl ( Escherichia coli ) > v ;U X ( 

Bacillus ) mmm. ^ij^{^/<'>;^X • -t^-^-f- U X (BaciHus subti 
lis). /<f>;l/X • yut~X (Bacillus brevis)^. T^KI^^*!^- 
m^i^Mmm^ m^l^tmrn. -y ^ ^ ^ -tx CSaccharomyce 

s)BPS . ;t if -y :^ n = -t X • -fe U b:' •> - (Saccharomyces 
cerevisiae ) . ^.-SlWi^^S^ T X ;U X (Aspergil 

lus)M^^@s m^^^T XKJl^ JU^ ' ^ 'J (Aspergillus or 

yzae) . T ^ < Jl^ ^' ^ ' - ^' - ( Aspergillus niger) ^ ^^'^ 

©fflflS. m^lffl^. i^'J^f^" CHOlfflSa. t h^«fflSa. ^iJ^f^'HeLalK 



^-CDyn^-^-t LT!i. trc-fo^-^-. tac 
tti^'C^ ^ ^-g: ^ li /< ^ ^ - © ■/ o ^ - ^ - i t T s i^ij X. ^ H 

^^mi-^zt^<-^'^. tfz. m^mmm^m^^^ -<^^^'^- 
-ti. :^^B^©;t-n > -^^^^ygl* ^ ^ S 6 K *t ^ lit ^ 

s i ^< ^ ^ o 

_ ^ 5 ^ ^ =1 . ^ ^ =i\ h ;b :3 ^ 3 -i/ , U > K . h U 
T . r V V ^ 7 X . -j^ ^ - u ^ c^" . ^ tiM#§^ 

1 0 
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® T n t - ^ - © i'J ® T t s T n /< ^ ^ 'j ^ A^m^'^ v 

X T- A -g) 1^ Mi — -r ^ ;U ^' > s j:. b ^ h a - ^ - a > ^ ffl- 

^ -> X f- A T#A-rn«'?E^^j: i-T-^ - □ y^f^mmiAB^^m 

;U 3 >>f V y ^ - -tf"ii::t - o >-^gXP^ ^ ;U 

13 > V y 7 - § <!: -r h 7 t K o ^ 7^ ^ > ^' ^ 

> > i: . C tl>6<SI^ W{c 7 > h V/ T - > -7 5 4^" > ^ 

3 -y-^ u -y "> 3 ymt^h^t^. -y ^ J ^ K^^l^©it{5^ t"' 

n©^y*-e t5ffl]$iJ;6^"Srtll?*. S C Tl^ ^ (van der Krol 

Nature (1988) 333, 866-869. Napoli b , Plant Cell(1990)2, 

279-289 ) o mm.KtrtiJi^y^y/^-^'^B^^^^'^^^^^ 

1 1 



^ C i rI ^ o 

I ^ o ^ij X. ^ f- :x — T . T Jiy r J\^y T . ^M.^ > u > ^ . ^ y 

^'y^^. ^'K'^CHolton et al. Plant Cell (1995), 7, 1071~10 

83) 'T:^^o zn^coti)V^y^y^'7~-^<DTij ^le^ij^iblJ 

^ ^ 7" o - y f- n ^ 1# ^> ti ^ C ^ # < ® ^ij ^ L T I ^ S 

fz ^ ffl l-^ TPCR J: o T ^ n - ^ > i o L fzt< X . 
ti > V y ^ - -tr' it ^ i:' ® :fit ij^ ffi 7!)^ -e Z tt^X'^ 

(Gutterson, Hort. Sci. , vol. 30, p964~p966, 1995) , 
tfz^ 1 "7 ^< J > 3 - t K D + ^"^ - -y" ^ ^ I ^ t K n 7 ^ 

tiTl^'S (Gonget. al. Plant. Mol. Biol.. 35, 915-927, 1997) 
CD ^ ^ 3 > V y 5 - -tr" © ^ ^ i Inl 1i v^'^ ^ ffl ^ ^ * =fc 

1 2 
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;*fe^ij 1 . T- h -7 b K P 4^ '> :^ ^ > 



^ ij >>^'^> 4 g {C50%(v/w)7K^^b:^ U A ^20 ml Jn^> 

^ 300 mlcD^K7K-e#IR?^£P-r ^ d iic J: i9 ^JS^^it L ... K 
^ 7 hl^T;-c©?§?^ic6Nmm^5!jnx.. pH^3 J^I^T i L ^a:^^^ i: ^ 

ml©?^7K^{i>LooSn;t/::o -H^JicMm. 80000^ 
L/io ^M^'^moflT- h ^ t Fa4^ v/^;^ 3 XTHC) ©m«li2. 

l.>--5 7^ -{cTTHC^ttS^tfCo ft^y:®YMC D-ODS-5 S-5 12 
OA (2.0 cm X 25 cm) ^ffll^^. 40 % (v/v)T-t h h U 0.03% 
(v/v) h U v;U/r opM7K?#^'C^^ 4.5 ml/ 5^©•^^i^~^P?i^^-- 
THC 5*^^255^. > ^ ^ > 5* 1^ 295^ i^i '/t til $ tl o THC 

. If STHC i L fco 

2 . Tj- — 1> V > cdM^ 



2L©0. 1%TFA ^#ti50%T^? h - H U ;KC - B^fe S "/t t o I1B±5 
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ML. sm^Mj±mm'^. hp-2o ii'nmtfzo n^^^m^^mm 

L^m^?lCKmLfZo ft^yi^YMC D-ODS-5 S-5 120A (2.0 cm x 2 
5 cm) ^m^'k ■/#?g{C7K. B ■mm^ZQ. 1%TFA, 50% T-t? h - H U Jl^ 
m^'rB2Q%:^^ ^M0%^ cD it H E 120 jr^OV^ =J > h ^ 
# T- ^ D -7 h o o o l^m . 7" ^ >y ^ ^ T ^ > -6- ;i/ =J •> 
K 405^ ^ ^ - U •!7 i/ v= > -6- ;U =1 V K 53:^ ^ -r h ^ b K 
u ^ ^ r3 > -4- =1 F {i 100 5> iii L o n^tlfz-t - 
U ■> v-' > -6- ;U 3 K ^ - ;H3 ^" - -t?" Tf tin 7K ^r^-il? t :t - 
U -> V > ^ # o 

1 M 1^^^ h U A3l®r^pH5. 0 ^ 50 ^ 1 ^ 7K'el^lR L /cfl^ 
S?g350 /i 1 {C rJ' y - ;bcfi-ecD 366 nm-e©li^7feE^M62 ^ * ^ TH 
C ^ 5^ 1 C ifCj; ^KJS^Ifllf&ty-^o 30°CTri BtPalSJS^ 

^-ti-Z-cm. l%(v/v) CDTFA ^^t;90%(v/v)T -fe h - h U ;l/7K?#-/^ 1 
00//1 ^Jnx.TSfi>^#ih t /^m. HPLC{CT-S't£^?I'J^L/Co la^ 

^■5A(iYMC J' Sphere ODS M80 (4.6 x 150' mm) ^ISfflt. 
{iO. 7 ml/ 55- <i: tfCo ?#^A ^0.1 % TFA 7i<it^. i^^B ^0.1 % 
TEA ^#i;90% T-t h ^ h U ;U7K?#?^i: L> "f" yf }l ^ ti ^ I^Ki^ 
A^. «i93cD3 5^{iA:B=7:3 ^^f#L. O 105t 1? fill-^^^ 15 -^r 
A:B=6:4 }C L . ZOmm^o ^mm^l. 5^-r-A:B=7:3 i L 

/^m^ z<Dmm^5 ^mm^tzo zom^-^-. sk®thc (^^20. 9 

Z =t o TTHC :t - 1/ •> V y^<^ \S ^ Z t ■b<-ht^ ^ 
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4 . :^"0 >^fiK^^'O^M 



1 ) PIgOff M 

QOOgiz ^nm^Lf^mmm a CO.OIH S^^-^ h U a. pH 5. O) 2A~ 
00 ml > 120g©Polyvinylpolypyrrolidone (PVPP) ^JP^- 7-U| 

m.wm'^A "c-esoooHfe. i55^^> jtc^5>ilt. nibnfz±mKi 

Lfio 4 t:Tr 80000 fe. 155^^. t « ^ ^ ^fc^ ^ * 'i^^ « 

h^mmL. mmm kictitrmmitco m^p^m^^ t:: 

TTSOOOIU^. 155^^. ^t.i:^5>ilt. ^cDJiff 

^^^mmmmii.S?-Sevhadex C50 ^ n ^ h ^' 5 7 ^ - ^^f -^i 

2 ) SP-Sephadex C50 

^^<4 t:tr0.8-l nStfl^X^K. ^?^tyrl5fe^;r >7K-^igli^^ 
#iRLy^o B (m^M OTHC ^#W-r^MSl?^ A) 5cT + 5^ 

sf^^k t^rSP-Sephadex C50 5 A (6 cinx25. 5 cm; ^0.7 L ) 

%w^Lfz. mmm b (2.0 L > t. o.e M NaCl^^Wt^m®« 

B (2.0 L ) i:©^Oitll«^^iSi-J^ ^ 

23 mL -r-^^mLfz. '{^^m% ($^1200 mi ) ^m^^ m^mmmi, 

. con A Sepharose ^ov h ^ 7 . - ^ If ^ t 4 T:^l*#t/. 



1 5 



3 ) ConA Sepharose 

ConA Sepharose D -7 h ^ 7 ^ -itM^h (1100 mL {:: 374. Oa 
0 U ^^tS^ tmi^B ( 2900 mL {C 831, 000 U ^^t;) ® 2 [H 5^ 

fc' :: ^j: o 115^ a icMnCU cbCaCl^ ^^^l mM i: >g. J: -5 

C d mM MnCla, 1 mM CaCU, 0.5 M UCl^tVmW 
^ B) {CT^^-fl: t /^ConA Sepharose (2 cmxl2 cm; ^^J40 mL ) 
Iz-^^LfZo mW^s ^0. 3 L (Ommi^ ZKXii V l^^i^WLfZo 

ii V L.mm^ ^ ^ly^'^pn^i caoo mD m^^iucD^n^-nfc 

cfc^ 50000 U ( |> i ® 13%oo) ©-SttTi^-t^nTl^/Cc, 

-^•/t^s M®-/^ C (250 mL) 0. 2 M ^ f-;U - a -D- ^" ;b ::3 "> 

h\ 0. 2 M « -D- V > y y -> K^^w-r ^^il?^ C ( 

250 mL) i©rH^oa-ifM^^i5{- J: ^9 A^-^#ttC^<t.^ 4 mL 
-ro5>Sit^ -/S'^li^^- (ftT8 mL ) *Si6/cc. '14 H 55- ^ M ii D 
(5 mM ^) yW.ti ^) ^ 2^m.m'i^ (pH 5. 0) , 0. 3 mM CaCl^ > 3-6 M 
THC) {c>[^ LTH-5^^tJTL/Co ■gfe?^lii^©S&ti2lHl@©^ n-7 h 

H ^ O-m^l^m^B (cMnCl2 t CaCl2 ^#^1 mMi^i:SJ;^ 
Ls CJCT^I^'ft: L fcConA Sepharose (3.6 cmxl2 cm: ^ 

120 mL) {cm^^L/^o ^0.3 L (DUmm C{CT^5 A^-^ 

7f t^Co ti ^ I^nM'O io X.i^f'^Wm'rt (300 mL) > /Stt^^JSt 
^c!:"■#^t^Tl^^j:;&^-^/;o -^r^m. Jt®?^ C (350 mL) i ^ 0. 2 M 
;^ ^ ;b - a -D - ;U =1 V F\ 0. 2 M y f- ;U - a -D - "7 > 7 t° 7 ^ ■> 
K^#W-r 'g.^^/t C (350 mL) i CD Tel © [SIS liS^ Ifi <fc ^ ^ 7 
A L ^Jj^^' > 8 mLf-'o:^^® L . rSttili^J (ftl50 mL) 
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4 ) Gigapite 

mmmD icT^I^-fbLZ-cGigapite ti ^ (^it^XM: 2 cm x 
16 cm, 50 mL O - -/ > :^ 5 A ) Izm^fHM ( 250 mL) 

fzo -t^ > ^mWi=^ d ( 250 ml) -^-mT^Lfzo m 

mm D (200 mL) 0. 5 M U U ^mm^ (PH 5. 0) (20 

0 mL) tomomB.mm^&i^^^^'y^^^^'^^^^^^'^- ^ 

05^® m^m^ (ftl20 mL) ^*i6/;o 

5 ) HiLoad 16/60 Superdex 75 pg FPLC 

{ 3- r(3-Cholamidopropyl) dimethylammonio]-l-prop 
anesulfonate} (CHAPS) ^mmmo.l %Kmmi^ TS:3>PM10^ 

FPLCv/ Xt" A^ffl l^T^ 7K?^ L HiLoad 16/60 Superdex 75 pg ti 
■7^^0.07% CHAPS, 0.15 M NaCl^^W-^ ^ ^ffi?^ BTr^mitL. 
•^iiO. 5ml/min r?#HJL. 2ral i'^^mLfio ^^M^ (It63 mL 

) ^ *J6/Co 

6 ) SP-Sepharose FF FPLC 

|# tl/^-ffi fell 55-^)1 fn^ E (0.07% CHAPS >&tWt- ^ Mint B 
) LT4 =C -e + 5^iStfr t o FPLC v X -r A ^ ffi ^ 2 
J^T® i7 D -7 h -7 ^ - ^fT f^o 7Klv L /cSP"Sepharose FF tl 

(1 X 16 cm ) E-^I-W-mitLfZo iiv UXc^y^ 

%m'^^ A ?t i LTM®?^E B fti LTO. 7M NaCl 

m ^^^^"f'-o ftl^^so^^-egsyo a 5% B?g-e;^ ^ a ^-^t!^ l . 

^©^#120 5^-e55% A 45% B © [I J^SziS^ IS ^ fT s ^® 
^1055-. |Hll:^{^-e^l±iL/Co »!£ii0. 5ml/min -e. 1.0mlf'o5JSi 
L/^o rSfeiii59' (ft27. 8ml) ^iiiMS^tT4 °C-t:4*#L 
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7 ) Gigapite;^ ^A^Dvh^"v7^- 

^ "fe 22ml^Gigapite ( 1 x 14 cm ) FPLC (C T $ b 
mWlLfZo ■ty^Jl22 ml ^ 0. 07%CHAPS 0.005 M U 

'J ^ J^mmm CpH 5.0) tc^^ LT4 °C-e-Bfeiiff L. F 
PLC ^ff*-^. S'l* tm&^< y K®#Sj©1=9ii ^iSi^ t Z::.. A ?t t t 
T 0.07% CHAPS, 0.3 mM CaCl 2 ^ # t: 0. 005 M U ym.fJ U ^ A^Si 
?t (PH 5.0) B ?gi LTO. 07% CHAPS ^#t;0. 5 M U U 
(pH 5.0) ^^fflt. :^7A<t/<77T-^7K?^tT?f 

»fLil0. 5Dil/min -e. 100%A 30^ P«1 :^ "7 A ^ L . ^©^6 
#Tr95% A /t. 5% B?gic. ?^©149 5^54#-e20% A fg. 80% B 

©it^ti^^^E^^Tt-^. ^omi55 -e|5H:^l4=-c=-/#tB L . 1.0 

.^tiyc40 kDa®geS^^t:Ii5>^«26T-?5^1f itM^iC§fc 

t /Co 

SDS-PAGE 
1 ) Superdex200 Smart system 

-th > 7° ;1'50 1 ^ -fe l/^ TSuperdex200 Smart systemic J: ^ 5> I® 
^ff -o /g^i t T 0.07% CHAPS. 0. 15 M NaCl^^tiO. OlM 

V V -i^ACpH 5. O^ffll^. 4 °CT-Ji>[T®^j'^^^To y-Co »?tM40 
. Ou l/min -^40. 0;t/ 1 ir-o^m L . ^^i/iiii^ n -7 h ^ 7 ^ - ^ 
^ZU fzo n^tifz-^ > 7^ ;U {C o l.^ T r£liiJ ^ i SDS-PAGE^ ffo 

mmm^i^t^'^mAs kdsLH&KMia-^n. ^y^juiz^tn^ 

m&Mcotp-z: {t. 40 kDaSS W®#ij^^''/S't4©Sl ^ i i J: < 
ffllS t T<-^/Cc. 

1 8 



wo 99/54478 PCT/JP99/0204S 

2 ) Alkyl-Sepharose HR5/5 FPLC 

-9->^;b250 ^\ ^0. OlM ^m-^ h 'i A(pH 5. 0)}c*tLT4 =C- 
-e-B^iStfrt. Slt^T > ^^-^ A^l^-a^2 M i ^i: ^ J; 9 L 
/c c M'/^icT Alkyl-Sepharose HR5/5 FPLC^ fT o A <!; L T 2 
M (NH,)2S04 ^^trO. OlM S^^-:H h U A (pH 5. 0) ^ ^ B ?^ i L T 
O. OIM Wm-f- V y A(pH 5.0)^ffll^. :R^© 105^(^:100% A^Tr:^ 
^A^i!$fe-/^m> ?^©505>T'B ?gl009^^Oifill^i^^iS^^T^^^ 
5 5tt -e|5l i:^#T:?#{±i L > 0. 5 ml-f 05^® L/Co 

§7 ^ ^ i/ 3 ■fe400 /i 1 h ^ 7 U -C3GC (5^®5>? 

»10,00G. ^ >J^°Tli) Tr40/il ^ li t . ^©^-^COIO^I 
^SDS-PAGEicT5>tFr t . 10/^1 ^ Stti'JS ^ - -^>7^HC^ 

3 ) Gigapite HR5/5 FPLC 

■9->:/;1.300 /il ^0. 07% CHAPS 0. 005 M ■jV^^U't'A 

Gigapite HR5/5 FPLC ^rf-^f^o 

A/titT 0.07% CHAPS, 0. 3 iM CaCl 3 ^ # 0. 005 M UV^^ 
U ^ummmm 5.0)^. B -^i LTO.07% CHAPS ^^t.^0.5 M 'J 
y^;^ >J 't' ASl®/^(pH 5.0)^^ffl fti^05 5^ . 100% A?^-e 
:/7^ A^-gfe-zf /^®6 S^-eSOX A 20% B ^/c?^©44 
5^54t>^-20%A?^. 80% B © itHS^^ 12 ^ . 0.5 ml^o^Jli 
Lfio ?gttiiJ^iSDS-PAGE«m-^»I^^ 4o::ti:o/::o ^f>:^^n^# 
^n^geS^^Jir^. 40 kDa©^«J{::-/S'^®«l^ 
^j: ti M i6 1^ n o 

lii±Superdex200 Smart system. Alkyl-Sepharose FPLC^O^Giga 
pite FPLC {cfcMt;S^^A^n^ -O^g^.. ^40 kDa© 



> ^ t F n ^ i/ 7t7 ;l/ n y 7!?^ b :t - U V V > ® ft ^ 

kDa -e. Superdex200 ^ ffl I ^ ^ itii ?i 43kDa "Cr * 'S C t /6< 
t>^-r>fZo Z (D Z. t yi- - ^ y-^^BMit J ^ - T: ^ =h Z. t 
t^t^-ofzo ImM to — ffiOis!'i'^>s -{iO|s!^^>. — ffioi^-f ;t- 

fz^ ConA-t -7 T P - X-\fg^^^ C i J: 0 > 1* 

THC ^m^tLxKmLfztz6. yt - u ^ y y t^f^n^m 

^i^^^lZ fz:i}<. Z. (Dm^^^MKMi^'Cmik'i^W.^n ^ fZo 10 mM 
®3i^<b7KS^^trl M S^^^ h 'J A^^?^pH5. O ^20 ml . m 
mm^20 ml . 7K^58 ml . THC lOmg (0. 5 ml) ^rfi#L. 30'C 
3 mm^^^i^tfzo ^m^Wi. KiS?i^^Sep-pak C18 icn^S^-tf. ^ 

^ y -;i/-e?§tii L/co c n>& j^^^^f^ - ^ - -e-zilt^. 5^mfflHPLC 

-e^mwmtfzo 7^5A(iYMC D-ODS-5 S-5 120A (2.5 x 25 cm)^ 
{gffl L fz,. 7§tB{i0. 03% TFA ^^t;40 %T-t? h ^ h U ;l/7K?t?S^ffl 
•^1tji(i4. 5 ml/ i t /Co JtJl755--:r/§ili ^ tl^ tf- ^ ^iHliK L 
. |£E1 L i C 6*^4. 9mg O^^^^Mf ^n/c. 'H NMR> v X X ^ 
^ h7Hr^©1fit^ii^^L/;<i: Z(D^t^mi<i^ - -> > 

-e^y^fz c. 
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i.nfz:t - y^j^mmms^m inmoi m^mm %©SDS 

® ^> U ^ ^ K ^ HiK L /Co C ® U ^ 7= ^ f- K ^ C 4 :^ ^ a (Dev 
elosil300C4-HG-5) ^ ffl l.^ i^fflHPLCtc T 5^^ L i d 6 s loO 

tio Kli^:-^(Dfzi6(DmmmitA0 mM Iris-HCl (pH9.5)r-0. 01 roOTwee 
n20 i2Mm*^^^'^?>'^^-o ■/i'ft^^Bakerbond ODS (4. 6 mm x 25 

cm) :fj ^ i.^m^'^timmmacx^mmmiti. -t^i^^^ 0.05 % 

h U y ;U^aS^^7K-/#?^^A 0.05 %h 'J 7 ;U;t d I^^^^OSO 
% T-tr h ^ h U ;U^B /^i L/cB#. ft|n®5 ^ti90M?t. 10%B^<t 

Lf^o ?^®805>t?ioo%B -;::^^K^5> 

P5: (K)KLGYVYQDVEIP (ie^iJ#-t: 3) 

P8: (K)IVYRQMVSSAK (E^iJ#-t : 4) 

Pll: (K)TPQLFFGRPYRRGDQEF (iS^iJ#-% : 5) 

P4-5: (K)IIDFELPXPSTTMRVRRAAHLVDDAYIXK (ia^iJ#^ : 6) 

# © cDN A ^ 1- 7- ^ u - ® M T © :^ r* =fc ^ ^ ^ ^ 

^<D^M.^Ol^mfimrtUm(D:^^bgi^^i^R. McCookin ©Method 
in Molecular Biology vol. 2 ( Humana Press Inc. 1984 ) i^WB 

ri^^RNA yt U n-f- -y ^ XdT30 ( S 7^ o ^ ) >£r ffl I. ^ T PolyA+ 
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ENA ^fS^LfCo d <DPolyA+RNA ^ffll.^T> cDNA synthesis Kit, 
Uni-XE vector kit (Stratagene) ^ ffl t.^ T . A ZAPlKStratagene) • 
^^/7^-iLT> cDNA-5 ^ U -^{^«^ t /Co f^^y^S liStra 
tageneid::6<«^^^:^fi*ictAt'^ /Co ^ tl 5 7' ^ U - 1. 6 x 
10' ^ - ^ ff^^-:!^ h (pfu) 1^ o T ^ /c o 

{5^ — -^^Tn C Z rttPCE-Select^" cDNA Subtra 
ction kit ( Clontech1± ) ^ ffl l.^ T liM $ n S ^r* fir ^ Sfe 
^,m^^# d&*cDNA^tester^ > ^ ■fe^#.^^fE# i *inENA^ driv 
eri LTl^ffi L/Co 6^ {c PCR T'ii ipi t DNA irlt^TA^o-^ 
>^'+-y h (Invitogen^i) ^ffll-^T PCRir ^ ^ - if 7' o - 
^>^"t. ^ tL^ tlOi^SIH^ij^-^^ L /Co 

RQMVSSAKTPQLFFGRPYERGDQEFPGVGSIELVPHGMIHLWTGSENTPYGENMGAFY 
STARDPIFFAHHSNVDRMfSIfKTLGGPRRTDLTDPDFLDASFVFCDENAEMVRVKVRDC 
LDGKKLC mnm^ : 7 ) 

/c|S^iJP5. P8. Pll S[L/Co -tUi^^. C ©aiE^ Sfritti^ - 
n >'^^#^^ :3 - K L T ^ C i o /Co 

MMm 1 0 . - p y ^^mnmiii-coMn 

^^fz^n.^ cm U -^DNA IFrM'SYPS^ffli.^r X ^ 

ij - ^ > L /c c ^ -7^" ^ y - ® X ^ u - — > \t J y V 'Ji^ V 

f- ADNA m.^^ -J b U > ^'-tl) ^ffl ^::5"/*"t??To /Co ^ 
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2075 -7 =y - ^ ^7.^ U - ^ > L fcISm s ^ 1$: © ^ v ^ fyf-f- 
;l. n o C O *^ 20 ^ ^ - ^ ^ ^ > A {C ilJR L s 2 X 

^ 'j - ^ > - "7 ^^.m L ^ C n ^> CO ^ -feftgCD^^ o 

->SYP8-17 ©^Si5^iJ^-^^L/Co 

^sie^ij ^ ;r u 5 ^ u ^ K ^7 -7 - ^-^^ t . dna sequ 

encer model 373A (ABI ti) ^ ffi t.^ T L o i^SSe^iJ i ^ cD ti 
^ y ME^iJ^iS^iJIi-^ 1 (C^ L /Co C ©T ^ y ^SB^iJ^ffi l^T 

7^' - ^ < - X ^ L /-c i C 6 C o j1 ^° U 7 X y - ;U ^ + -> 

-tr'ilji? (GenBank Accession NO. L29451, D45385, Z11702)/j: 

^ i L /•c:^^. C Oitfe^ iiifii-e*. ;S C ch ;6< :b 

SYP8-17 ^ffll^^T. 7E#©^^^^Fg(c:fe 

^t#i-fe'tj-'S y >)^|fT^<To /-Co Molecular Cloning ( Sa 

mbrookb^ Cold Spring Harbour Laboratory Press, 1989 ) 5- J: -3 
fc: |gm^lll3s in 4 S: "0 5 ^ o ^ - n > B-^P^it fe^ 

> r < gfiV^ ^ 1^ ai $ ti 4' *^ o fc e > ^ i © 
mmm 1 2 ■ /< - K :h cDNA^ 7" 7 u - © -f^jy 
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tzo cDNA^ ^ 'J -©{^MiimifiJ 8 -eiB^/c i fe' i9 r-^) ^ c # 
^n/c 5 'J - (iO. 8 X 10" y ^ - ^^^1^^^ y V (pfu) ^^ k> 

1 3 . - K ^ ;b J > ^ V y V - -ir'cDNAO ^ n - — > 

Mi5^iJPhe-Val/Ile-Lys-Phe-Thr-Ala-Ile Ifi^iJ (ia^iJ#-§- : 8 ) . 
Lys-Trp-Lys-Gly-Lys-Thr/Pro (E^'J^"^ : 9 ) . His-Ala-Va 

1-Cys-Asn-Glu (iS^iJS^: 1 0) (D mW.n^ h t -J "7 ^ 

^ - L /-Co 

CHI-F1:5' -TT(T,C) (A, G)TN AA(A, G) TT(T,C) ACN GCN AT-3' 

(la^'J^^ : 1 1 ) 
CHI-F2:5' -AA(A, G) TGG AA(A, G) GGN AA(A. G) (A, C)C-3' 

imm^ : 1 2 ) 

CHI-R2:5' -(A, G)TG NGC NAC (A. G)CA (A, G)TT (T,C)TC-3' 

imn^^ : 1 3 ) 

Tfe L CHI-Fl cb CHI-R2. t fz \t CHI-F2 i CHI-R2© T 7 < "7 

-©M^^^-i+-e96°Ctr2 5>^fS$U/i^. 96°C . 1 42°C . 1. 
5 5^. 72°C. 3 %(DU.^^^'immK)&L. «^{c72°C-e7 5^SJE$ 
^/lo Ittptl/cPCR t T^^|5im^^T-PCR ^^f^^^i 

C 6CHI-FliCHI-R2'/5 ^ -7-O|l^^t)-ti--e{i:$^200bp ®. CHI- 
F2chCHI-R2-/7 ^ -T-(^IE^^^-y:T-(i^800,600,400 J^D^loObp 
®PCR M^J^'^iili $ n/co 

%k>Mz?Cl M^^JiTA^ n > ^"'4^ >y h ( Invitrogena: ) ^ffl 
I ^ T PCRII^"^ ^ ^ - {;i if y ^ n - j:. > ^' L o -t^ ^ ^ d - - > 
L/cDNA irn-OiiSiB^iJ^DNA Sequencer model 373A ( ABIt±) ^ 
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ffll^T•^^L/co CHI-FliCHI-R2. ^ C;"CHI-F2 <h CHI-R2:/ ^ ^ -7 - 

t@ In] 'liS ^ ^ t o 

>^ vy ^--I2'222bp *#^ff PCRir ^-^ 
EcoRI T-m^b t# bn/;^^230bp ©-7 5 > h LTCHI- 
Fl<i:CHI-R2■7'5 v-^ffil^TPCR *fc^i^i:ofcc ±ifi $ ny-ci^23 
Obp ©PCR m^^mmK. pgr ^i^ffll^T95°Ct:2 ^ R itl^ ^ fz ^ 
. 95°C. 1 55-. 42°C. 1 ^> 72°C. 4 ^ <D ^J€^^2b^m >0 M t . « 
:^ic72°C'??7 ^i. 3-+ -> y-ii >Tr^ L X U - > 

^^■©^©-/n - y i L T^ffl L /Co ^m^^cDNA^ ^ 7- 5 U - t> O 
^ /7 ij - jiL > ti y > 7 v> /T •> X T- A DNA 1^ di ^ h ( - U > 

-i±) ^ffli.^Tfi^^n^:;5"ri-e^To/co 
^5 m ;s c i -e ^ ^ o 

^ffi^iJ 1 4 ■ S Y P 8 tiij^OliS^ 

^Sfe^iJ 9 {cIHiic© S Y P 8 iljS^ii^ The QIAexpressionist kit 

(QiAGENti) ^m^^xiKmrni^p^-^^mM^^^ nmit^. ;t-o> 

QESYP8-5' , QESYP8-3' -f y ^ ~ "^^f^ t fzo 
QESYP8-5' : 5' - AA GGA TCC GGC CCT ATC GCC - 3 ' 

(E^iJ#-§- 1 4 ) 
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QESYP8-3' : 5 • - GGG TTC GAA GAA TTC ATC TCT G - 3 ' 

(K^m-t 15) ■ 

QESYP8-5' ^ ^ -7 - iz ItBamM 4 h . QESYP8-3' 7 ^ -f "7 - 
(ciiHindlll h^mAlfZo -^JiKL/cQESYP8-5', QESYP8-3' 

^ ^ V --^30pinol. SYP8-17 mB^ Ing, 1 x cloned pfu DNA pol 
ymerase buf f er (stratagene) . 200 /iM dNTPs. cloned pfu DNA p 
olymerase 5unit (stratagene) © 100 in I -fy^ ^ U 6 Rl^^M^ h 
^(.^TPCR Km^i5 Zfl -^fio Kmit9AVr:-45f>m^mf:^^^^ 94 
451^. 5G°C. 45#. 12V. 4 ^m:i}^ ti ^ ^m^2b^ ^ Jlu 
»'^K12Vlsl0^mUm L fz.. m b tl/cPCE Mtl^TA^ n 
>^-^<y h (Invitorgent±) ^ ffl T pCR2. 1 • TOPO^"^ ^ ^ - {:i 1^ 
y ^ u - -r:- > L . :/ 7 X = K p CR • QESYP8 tLfZo p CR • QESYP8 
^BamHI, HindlllT-MS LX% ^tl^m I kbODNA iT)t^I«] l: < Ba 
mHI, HindllirMS L /cpQE30 < ^ ^J' - (QIAGENtfc) {caigt. -f 
FpQESYPB ^^HLfCo pQESYPS M15 [pRep4] {Cff^H 

te^ t fzo ^aSf^-eoSYPS^S ©^^*5 J; ■icDti 
'S:;5"rit-t^^ :A^o # 5> ti/;fti^MS (i> SDS-PAGEJ;: J; ^ ^^IfrT 

O e ^6 b n ® Tf > £1 T ® i ^ $ iC ft# ^ ff o 

/C: Sa ?#?^^CentripreplO( Ti=i>y:) ^ffl 1 mlJCiili 

E®7KT-igtff L/icD-fe. ^M^'^D°Di Lfio S D SMS^^T-o 
Biophoresis ( T V -%±. 4.5 10%5>^y^l^. 
15mA. 55-ilO. BmD^ffl l^T. g ^53-^1 t # b n/";**^^ 

Miio'S^ -i? h 7 7 u - 10 ( = u ^°Tid:) ^m^^xm'^t ^ tm^ 

ic. 0. l^CHAPS ^^OPBS li®?g(l'J y h;H+'{-8g NaCl,0. 2g KCl 
, 1. 44g Na^HPO,, 0. 24g l^zfQ, <&?#»L. :^^T-pH^7. 4 KM^ 
f-^) \zm.^Lf:.o «l^»iy^Sp^©Sfi-«^{*l. Omg/mlT-*. o /Co 
Hlfei^iJ 15. S Y P 8 ^KWtl ^ AcDj-^i^ 
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1 4 -ePSy t /cSYP8!rL0 (l.Omg/ml) ^4 ^Ktofz -^X^ 
/<> K^ffi^-^Tffo /-Co iIJP^iSiil?][ll^S'#14S 42B a> 56 

m^^f/Co trilflirfi^O. 85% NaCl-e2 # t ^ > ^a®7X?^t 

^ ,j _ y > ( ^ ^ X h > ii ) ^ tJO ;t . t < It # t ^fe . 

1 5 0 0 [Eife-es z tx. urn i\ ±m^>m^i^m^ 

icx^mt. zzvommtfi^xor^^mry^^^^^lin^. 8000 

rpm XZO^m^'t^^mtf=.o 'Ct^^mmmk (O.OSM Iris-HCl, PH8 
.6. 0.15M NaCl) iZX^mLfz. m^^m^^i Trap ProteinA;^ 7 
A (1ml ) (C#tL. IgG tfco ^In^A KXW-mitltz 

Hi Trap ProteinA^ 5 A . iltf? t -t^ > 7" t . ^^A^ 

^ffifgA -e-^#L/cmM«?SB (0.05M ^iym^ffi-/^^ PH5.3 . 
0. 15M NaCl) > mmmC (O.Obmmmmm. pH4.3 . O. 15M NaCU 

. mmmd (o.o5iy ^) y ymmm. pH2. 3 . o.ism Naci) ^m^^x 

^ntzHG m^^tO.m NaHCO, . 0. 5M NaCl tcTi2lif^> -tr > h U 
3 >10 (T ^ :3 vt±) J^iT-aii Lini 2 mg/ml t L tZo 

CNBr-activated Sepharose 4B. 4. 5g^ 45nil cD ImM HCl l^mMl 

h_h-eimM HCl . 500 m I i:iXm-^Lfio fi^lt/c 



r ^ 1 /or yy/\>^v*^J 



LlgG ^m^'itLtZo y y'^-a- h ±T:-?S^I 6ii-r ^ C t {C J: «:> 
tHI^[°]JKL. 0.2M Tris-HCl pH8. 5 . ^OmliznBMl^ 

itttzc. }Xicmm^o.2mmmmm pH5. o. Tris-Hcm^?^. phs. 

5 . *JJ:Cf0.01M U U '!7 AM®/^s PH7. 8 . 0. 2M NaCl T-lli 

-/^ t o =1 > h a - ;l/ i L T tri bandA IgG, in. /3 - tf y ^ h •> ^'^ 
--tfIgG ^) ^n^'tlPI^}- tTSepharose4B CH^^kL/Co ® @ 
^'fb L /f Sepharose4B ^Htfefij 1 6 IgG-Sepharose AhBMM (iK 
SYP8. l/CbandA . In! /3 5 ^ > ^" - -I?' ) iLT^^L/Co . 

«9 ©RJt^IgG 3 MM t h l^l^m U i^m^ 

Xlf^mm 15 -efpM L y-cIgG-Sepharose AmMM ({)tSYP8. Kba 
ndk,ifL/3 tf^ ^ h iy^'-^ ; Htflgffi M-gli = 2 : 1 v/v ) ^0, 200 
, 500, 815;t/ 1 ^ tl^'nSn;^. 0. OlM U 'J ^ s PH7. 

8 . 0.2M NaCl fCT^«^l ml t Lfz. ?M^rt*4 °C 2 4 B# Psl SS 
i:-9L> 13000rpDi, 2053- TbI ?t'C^ L /c . ±-?f ffl T - o > 

^ - n y-^fiXPS-^ttfis ±rf {-S^i^^O. 1% CHAPS, 5inM YizOz, 
0. IM ^ -in >M;ig®|g, pH 5. 4{c/j: ^ J: 9 j!jn;tT. |g»^395 // 1 
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SEQUENCE LISTING 



<110 > SUNTOEY LIMITED 

<120 > Gene coding for protein having aurone synthesizing a 
ctivity 
<130 > G837 
<150 > JP 10-107296 
<151 > 1998-04-17 
<160 > 15 
<210 > 1 
<211 > 1951 
<212 > DNA 

<213 > Antirrhinum majus 

<220 > 

<221 > CDS 

<222 > (96). . . (1781) 

<223 > Nucleotide sequence coding for a protein having auro 
ne synthesizing activity 
<400 > 1 

aaattacatt gcttcctttg tcccaccttc caccaccaat atatacaact tcctcagcta 60 
gttgtttatt atcaatcaaa taaaattatt tccca atg ttc aaa aat cot aat 113 

Met Phe Lys Asn Pro Asn 
1 5 

ate cgc tat cac aaa eta tct tec aaa tec aat gac aac gat caa gaa 161 
lie Arg Tyr His Lys Leu Ser Ser Lys Ser Asn Asp Asn Asp Gin Glu 
10 15 20 
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tec tec cat cgt tgt aag cac att eta tta ttt ata ata acc tta ttc 209 
Ser Ser His Arg Cys Lys His He Leu Leu Phe He He Thr Leu Phe 

25 30 35 

eta ctt ata gtt ggc ctg tac ate gee aac tct etc gee tat gcc egg 257 
Leu Leu He Val Gly Leu Tyr He Ala Asn Ser Leu Ala Tyr Ala Arg 

40 45 50 

ttt gcc teg acc tea acc ggc cct ate gcc gcc cct gat gtc acc aaa 305 
Phe Ala Ser Thr Ser Thr Gly Pro He Ala Ala Pro Asp Val Thr Lys 
55 60 65 70 

tgt ggt cag cca gac ttg cca cct ggc aca gcc cca ata aac tgt tgt 353 
Cys Gly Gin Pro Asp Leu Pro Pro Gly Thr Ala Pro He Asn Cys Cys 

75 80 85 

ccc cca ate ccc get aaa ate ate gat ttc gag eta cca cct ccc tee 401 
Pro Pro He Pro Ala Lys He He Asp Phe Glu Leu Pro Pro Pro Ser 

90 95 100 

act acc atg agg gtt cgc cgt gcg get cat tta gtt gat gat gca tac 449 
Thr Thr Met Arg Val Arg Arg Ala Ala His Leu Val Asp Asp Ala Tyr 

105 110 115 

att gcc aaa ttc aag aaa gcc gtt gag ctt atg cga get eta cct gag 497 
He Ala Lys Phe Lys Lys Ala Val Glu Leu Met Arg Ala Leu Pro Glu 

120 125 130 

gat gac cct cgt age ttc aag caa caa get aac gtc cat tgc get tac 545 
Asp Asp Pro Arg Ser Phe Lys Gin Gin Ala Asn Val His Cys Ala Tyr 
135 140 145 150 

tgc gcg ggg gcg tat aat caa gcc ggt ttc aca aac eta aag etc caa 593 
Cys Ala Gly Ala Tyr Asn Gin Ala Gly Phe Thr Asn Leu Lys Leu Gin 
155 160 165 
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ate cac cga tct tgg ctt ttt ttc ccg ttc cat aga tat tat ate tae 641 

He His Arg Ser Trp Leu Phe Phe Pro Phe His Arg Tyr Tyr He Tyr 

170 175 180 

ttt ttt gaa aga ata ttg gga aaa eta ate aat gat aca aet ttt get 689 

Phe Phe Glu Arg He Leu Gly Lys Leu lie Asn Asp Thr Thr Phe Ala 

185 190 195 

etc cca ttt tgg aac tat gat tea cct ggt gga atg aca ate eca tea 737 

Leu Pro Phe Trp Asn Tyr Asp Ser Pro Gly Gly Met Thr He Pro Ser 

200 205 210 

atg ttt att gat act aat tct teg ctg tae gat agt tta egg gae agt 785 

Met Phe He Asp Thr Asn Ser Ser Leu Tyr Asp Ser Leu Arg Asp Ser 
215 220 225 230 

aat cat cag cca cca acc ate gta gae ttg aac tae gee ttt tct gat 833 

Asn His Gin Pro Pro Thr He Val Asp Leu Asn Tyr Ala Phe Ser Asp 

235 240 245 

tec gae aat ace act act cct gaa gag caa atg att ata aac ctt aaa 881 

Ser Asp Asn Thr Thr Thr Pro Glu Glu Gin Met He He Asn Leu Lys 

250 255 260 

att gtg tae aga caa atg gtg teg age get aag aet cca cag ctt ttc 929 

He Val Tyr Arg Gin Met Val Ser Ser Ala Lys Thr Pro Gin Leu Phe 

265 270 275 

ttc gge cgc eca tac cga cgt ggg gae caa gag ttt cec ggg gtg ggg 977 

Phe Gly Arg Pro Tyr Arg Arg Gly Asp Gin Glu Phe Pro Gly Val Gly 

280 285 290 

teg att gag tta gtc cct cat gge atg ata cat tta tgg ace ggt tct 1025 

Ser He Glu Leu Val Pro His Gly Met He His Leu Trp Thr Gly Ser 
295 300 305 310 
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gag aac acg ccc tat ggc gag aac atg ggg get ttc tac tea acg get 1073 

Glu Asn Thr Pro Tyr Gly Glu Asn Met Gly Ala Phe Tyr Ser Thr Ala 

315 320 325 

aga gae ceg ata ttt ttt get cat cat teg aac gtc gat aga atg tgg 1121 

Arg Asp Pro He Phe Phe Ala His His Ser Asn Val Asp Arg Met Trp 

330 335 340 

tee ata tgg aag aec eta gga ggg ccg egg agg aeg gae tta aca gat 1169 

Ser He Trp Lys Thr Leu Gly Gly Pro Arg Arg Thr Asp Leu Thr Asp 

345 350 355 

eca gat ttt ctt gat geg tct tte gtt ttt tat gae gaa aae gca gag 1217 

Pro Asp Phe Leu Asp Ala Ser Phe Val Phe Tyr Asp Glu Asn Ala Glu 

360 365 370 

atg gtt egg gte aag gtt egg gat tgc tta gat gaa aag aaa eta ggg 1265 

Met Val Arg Val Lys Val Arg Asp Cys Leu Asp Glu Lys Lys Leu Gly 
375 380 385 390 

tae gtt tat eaa gat gtg gag att ccg tgg etc aac act cgt cca aca 1313 

Tyr Val Tyr Gin Asp Val Glu He Pro Trp Leu Asn Thr Arg Pro Thr 

395 400 405 

cca aaa gtt tet ceg tet eta ctt aag aaa ttt cat aga aca aae act 1361 

Pro Lys Val Ser Pro Ser Leu Leu Lys Lys Phe His Arg Thr Asn Thr 

410 415 420 

gee aat ccg aga eaa gtt ttt ect geg ata ctt gae aga gte tta aaa 1409 

Ala Asn Pro Arg Gin Val Phe Pro Ala He Leu Asp Arg Val Leu Lys 

425 430 435 

gtt ate gtg aeg agg ccg aag aaa act aga agt agg aaa gaa aag gae 1457 

Val He Val Thr Arg Pro Lys Lys Thr Arg Ser Arg Lys Glu Lys Asp 
440 445 450 
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gag tta gaa gag att tta gtg att gaa ggg att gaa ctg gaa aga gac 1505 
Glu Leu Glu Glu He Leu Val He Glu Gly He Glu Leu Glu Arg Asp 
455 460 465 470 

cac ggg cac gta aaa ttc gac gtt tat att aat get gac gaa gat gac 1553 
His Gly His Val Lys Phe Asp Val Tyr He Asn Ala Asp Glu Asp Asp 

475 480 485 

Gtt gcg gtg att teg ccg gag aat get gag ttc gcc ggg agt ttc gtg 1601 
Leu Ala Val He Ser Pro Glu Asn Ala Glu Phe Ala Gly Ser Phe Val 

490 495 500 

agt ctg tgg cac aaa cct ata aag ggg aag agg aca aag acg cag tta 1649 
Ser Leu Trp His Lys Pro He Lys Gly Lys Arg Thr Lys Thr Gin Leu 

505 510 515 

tta aca ttg teg att tgt gat att ttg gag gat ttg gat get gac gaa 1697 
Leu Thr Leu Ser He Cys Asp He Leu Glu Asp Leu Asp Ala Asp Glu 

520 525 530 

gat gat tat gtg ttg gtc act ttg gtt ccg aga aac gcc gga gat gcg 1745 
Asp Asp Tyr Val Leu Val Thr Leu Val Pro Arg Asn Ala Gly Asp Ala 
535 540 545 550 

ate aag att cat aat gtc aag att gag ctt gat ggc taataaattc 1791 
He Lys He His Asn Val Lys He Glu Leu Asp Gly 

555 560 562 

tattgatttc ttctcaacct acagttgatc atttaccgat tgattattcc aataaaagta 1851 
tctcatgtac caatatcgat cgtattaatc gtaatacttt cagattttta tttatttaaa 1911 
agcagttgta taaatggtga aataaggatt actttttgag 1951 
<210 > 2 
<211 > 562 
<212 > PRT 
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\213 > Antirrhinum ma jus 
<220 > 

<223 > Amino acid sequence of a protein having aurone synth 
esizing activity 

<400 > 2 

Met Phe Lys Asn Pro Asn He Arg Tyr His Lys Leu Ser Ser Lys Ser 

15 10 15 

Asn Asp Asn Asp Gin Glu Ser Ser His Arg Cys Lys His lie Leu Leu 

20 25 30 

Phe He He Thr Leu Phe Leu Leu He Val Gly Leu Tyr He Ala Asn 

35 40 45 

Ser Leu Ala Tyr Ala Arg Phe Ala Ser Thr Ser Thr Gly Pro He Ala 

50 55 60 

Ala Pro Asp Val Thr Lys Cys Gly Gin Pro Asp Leu Pro Pro Gly Thr 
65 70 75 80 

Ala Pro He Asn Cys Cys Pro Pro He Pro Ala Lys He He Asp Phe 

85 90 95 

Glu Leu Pro Pro Pro Ser Thr Thr Met Arg Val Arg Arg Ala Ala His 

100 105 110 

Leu Val Asp Asp Ala Tyr He Ala Lys Phe Lys Lys Ala Val Glu Leu 

115 120 125 

Met Arg Ala Leu Pro Glu Asp Asp Pro Arg Ser Phe Lys Gin Gin Ala 

130 135 140 

Asn Val His Cys Ala Tyr Cys Ala Gly Ala Tyr Asn Gin Ala Gly Phe 
145 150 155 160 

Thr Asn Leu Lys Leu Gin He His Arg Ser Trp Leu Phe Phe Pro Phe 
165 170 175 
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His Arg Tyr Tyr He Tyr Phe Phe Glu Arg lie Leu Gly Lys Leu He 

180 185 190 

Asn Asp Thr Thr Phe Ala Leu Pro Phe Trp Asn Tyr Asp Ser Pro Gly 

195 200 205 

Gly Met Thr He Pro Ser Met Phe He Asp Thr Asn Ser Ser Leu Tyr 

210 215 220 

Asp Ser Leu Arg Asp Ser Asn His Gin Pro Pro Thr He Val Asp Leu 
225 230 235 240 

Asn Tyr Ala Phe Ser Asp Ser Asp Asn Thr Thr Thr Pro Glu Glu Gin 

245 250 255 

Met He He Asn Leu Lys He Val Tyr Arg Gin Met Val Ser Ser Ala 

260 265 270 

Lys Thr Pro Gin Leu Phe Phe Gly Arg Pro Tyr Arg Arg Gly Asp Gin 

275 280 285 

Glu Phe Pro Gly Val Gly Ser He Glu Leu Val Pro His Gly Met He 

290 295 300 

His Leu Trp Thr Gly Ser Glu Asn Thr Pro Tyr Gly Glu Asn Met Gly 
305 310 315 320 

Ala Phe Tyr Ser Thr Ala Arg Asp Pro He Phe Phe Ala His His Ser 

325 330 335 

Asn Val Asp Arg Met Trp Ser He Trp Lys Thr Leu Gly Gly Pro Arg 

340 345 350 

Arg Thr Asp Leu Thr Asp Pro Asp Phe Leu Asp Ala Ser Phe Val Phe 

355 360 365 

Tyr Asp Glu Asn Ala Glu Met Val Arg Val Lys Val Arg Asp Cys Leu 
370 375 380 
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Asp Glu Lys Lys Leu Gly Tyr Val Tyr Gin Asp Val Glu He Pro Trp 
385 390 395 400 

Leu Asn Thr Arg Pro Thr Pro Lys Val Ser Pro Ser Leu Leu Lys Lys 

405 410 415 

Phe His Arg Thr Asn Thr Ala Asn Pro Arg Gin Val Phe Pro Ala He 

420 425 430 

Leu Asp Arg Val Leu Lys Val He Val Thr Arg Pro Lys Lys Thr Arg 

435 440 445 

Ser Arg Lys Glu Lys Asp Glu Leu Glu Glu He Leu Val He Glu Gly 

450 455 460 

He Glu Leu Glu Arg Asp His Gly His Val Lys Phe Asp Val Tyr He 
465 470 475 480 

Asn Ala Asp Glu Asp Asp Leu Ala Val He Ser Pro Glu Asn Ala Glu 

485 490 495 

Phe Ala Gly Ser Phe Val Ser Leu Trp His Lys Pro He Lys Gly Lys 

500 505 510 

Arg Thr Lys Thr Gin Leu Leu Thr Leu Ser He Cys Asp He Leu Glu 

515 520 525 

Asp Leu Asp Ala Asp Glu Asp Asp Tyr Val Leu Val Thr Leu Val Pro 

530 535 540 

Arg Asn Ala Gly Asp Ala He Lys He His Asn Val Lys He Glu Leu 
545 550 555 560 

Asp Gly 
562 
<210 > 3 
<211 > 13 
<212 > PRT 
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<213 > Antirrhinum majus 
<220 > 

<223 > Partial amino acid sequence of a protein having auro 
ne synthesizing activity 
<400 > 3 

Lys Lys Leu Gly Tyr Val Tyr Gin Asp Val Glu He Pro 



<210 > 4 
<211 > 12 
<212 > PRT 

<213 > Antirrhinum majus 
<220 > 

<223 > Partial amino acid sequence of a protein having auro 
ne synthesizing activity 
<400 > 4 

Lys He Val Tyr Arg Gin Met Val Ser Ser Ala Lys 



<210 > 5 
<211 > 18 
<212 > PRT 

<213 > Antirrhinum majus 
<220 > 

<223 > Partial amino acid sequence of a protein having auro 
ne synthesizing activity 
<400 > 5 

Lys Thr Pro Gin Leu Phe Phe Gly Arg Pro Tyr Arg Arg Gly Asp Gin 



5 



10 



5 



10 



0 



10 



15 
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Glu Phe 
<210 > 6 
<211 > 30 
<212 > PRT 

<213 > Antirrhinum ma jus 
<220 > 

<221 > UNSURE 
<222 > (9) 
<220 > 

<221 > UNSURE 
<222 > (29) 

<223 > Partial amino acid sequence of a protein having auro 
ne synthesizing activity 

<400 > 6 

Lys He lie Asp Phe Glu Leu Pro Xaa Pro Ser Thr Thr Met Arg Val 

5 10 15 

Arg Arg Ala Ala His Leu Val Asp Asp Ala Tyr He Xaa Lys 
20 25 30 

<210 > 7 
<211 > 125 
<212 > PRT 

<213 > Antirrhinum majus 
<220 > 

<223 > Partial amino acid sequence of a protein having auro 
ne synthesizing activity 
<400 > 7 
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Arg Gin Met Val Ser Ser Ala Lys Thr Pro Gin Leu Phe Phe Gly Arg 

5 10 15 ■ 

Pro Tyr Arg Arg Gly Asp Gin Glu Phe Pro Gly Val Gly Ser He Glu 

20 25 30 

Leu Val Pro His Gly Met He His Leu Trp Thr Gly Ser Glu Asn Thr 

35 40 45 

Pro Tyr Gly Glu Asn Met Gly Ala Phe Tyr Ser Thr Ala Arg Asp Fro 

50 55 60 

lie Phe Phe Ala His His Ser Asn Val Asp Arg Met Trp Ser lie Trp 
65 70 75 80 

Lys Thr Leu Gly Gly Pro Arg Arg Thr Asp Leu Thr Asp Pro Asp Phe 

85 90 95 

Leu Asp Ala Ser Phe Val Phe Cys Asp Glu Asn Ala Glu Met Val Arg 

100 105 110 

Val Lys Val Arg Asp Cys Leu Asp Gly Lys Lys Leu Gly 
115 120 125 

<210 > 8 
<211 > 7 
<212 > PRT 

<213 > Artificial Sequence 

< 220 > 
<221 > 
<222 > (2) 

<223 > Xaa is Val or lie 
<400 > 8 

Phe Xaa Lys Phe Thr Ala lie 
5 

1 1/14 



wo 99/54478 

<210 > 9 
<211 > 6 
<212 > PRT 

<213 > Artificial Sequence 

< 220 > 
<221 > 
<222 > (6) 

<223 > Xaa is Thr or Pro 
<400 > 9 

Lys Trp Lys Gly Lys Xaa 

5 

<210 > 10 
<211 > 6 
<212 > PRT 

<213 > Artificial Sequence 

<220 > 

<221 > 

<222 > 

<223 > 

<400 > 10 

His Ala Val Cys Asn Glu 

5 

<210 > 11 
<211 > 20 
<212 > DNA 

<213 > Artificial Sequence 
<220 > 
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<221 > 

<222 > 

<223 > Primer 

<400 > 11 
ttyrtnaart tyacngcnat 

<210 > 12 

<211 > 17 

<212 > DNA 

<213 > Artificial Sequence 

< 220 > 
<221 > 
<222 > 

<223 > Primer 

<400 > 12 
aartggaarg gnaarmc 

<210 > 13 

<211 > 18 

<212 > DNA 

<213 > Artificial Sequence 

< 220 > 
<221 > 

< 222 > 

<223 > Primer 

<400 > 13 
rtgngcnacr carttytc 

<210 > 14 

<211 > 20 

1 3 ,/ 
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20 



17 



18 
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WO 99/54478 

<212 > DNA 

<213 > Artificial Sequence 

< 220 > 
<221 > 

< 222 > 

<223 > Primer 
<400 > 14 

20 

aaggatccgg ccctatcgcc 

<210 > 15 
<211 > 22 
<212 > DNA 

<213 > Artificial Sequence 
<220 > 
<221 > 
<222 > 

<223 > Primer 
<400 > 15 

22 

gggttcgaag aattcatctc tg 
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(57) Abstract 

A protein having an aurone synthase activity relating to the flower colors of Antirrhinum majus^ etc, a gene, in particular, cDNA 
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cDNA^i«^$-t*-5xmt±. fm 

5' -GACTCCAGTCGACATCCA U U I ITl lii 1 i i 1 1 V 

'i i:^"? J' 1-:^-^ KT ^ --/v W v-iJi:Of 7- P POtcMtT 

5' -ACCATCAGGCACGCTGGCGG 
^tili'J^ff^ P P O lc«J L TE3?iJ 

5' -TCCTCATCAACTGGAGTTCAC 

(B 1 u e s c r i p t) S K "^lia^T^i C iA<^*>-:»T».^eo 
>^ D > rXSIie«03iS^'U-?fJ^^ t ^ r * 
cDNA^^U/'?^-??^^^ hT^v > h5^^M$l=L. ; 
^^Xo\z^^t^ntic DN A^T:yn-7.y;l/J:-r*JKf]L : 

S[7^5^y > h^T'JU-:;^^' 'J-Zh SK'^'<^^'-<OH i n d I I I *fciiE 

c oR-! m>m^i&^t^zt^'^vzti><x^^^ 
ZfDl,r>\z^^^ixtL^ ^-•y^^'t^ti^\t^ a^ncll^^U!!^:':/^^ i K 

(Escherichia coli^ D H 5 tiS^T* 5 C t/><^3!?^-'T(.^S, 



}}3I^7-501686 (A) 

-tOJ:"3ir^$*X/^c DNAt^ y 5 — j»«aSit (PGR) ^^l^r 

:t?'JT-r-MtRN A<biSef5^»3fti©^JGXS(4x E?<) 
5' -GACTCGAGTCGAaTCGAUllUlllHlUlil 

cDNA^i»«^tf5XS(±* E?tj 
5' -GACTCGACTCCACATCC 

5' 5^7-7 -fv-ti, rK-^cDNA^ilJ^a^izmOt^n^^^x BB?)J 
5' -aiATiaCGCICCIGATATIICIAAGTCTCC 

5*-GCGGATCCn[CnTA[CT3GACCT]GACGA]AA[CT3AA 

^^t^ztt<x^^^ 

5' J^Jg-Z^-f v-(±. 'i vrf cDNACDittttmtcmi.^^.n-5i»^. 
(5' -GCCAATTCGA CAG] GA tit] ATCGCIAA CTC]TT [TC] TA) 

CEN3: C5' -GCGAATTCTT [TC] tTC3TICCm[TC]a[TC] [ACJG) 
GEN7 : (5' -CCGAATTCAA [TCjCTIGA [TC] [AC]GI ATGTGG) 

MfcR N A ^feSf i X^lix 

St^y Tx-^WtHN A;£:i£K:^»?R:fcJ;CfP PO'^Rfl^'T^'f -r-TteSt 
xm— mc DN A^^fiJtL : 

-e<DJ;7*-:^$njtc DNA^^-i •^yt'd h ^ > X 7 x v — t^Ti&ai t Ts 

^<0i:7lC^fiJc^n/:::n'J Tx^;Wt c D N A^P C R t:: J^oTittW^F^i C 



t-'SDN ASSyjt ytl±'e<^7 7/y > h«'^t;iam;?-DNAy7X ^ KX*->Th 

a. P POSfit^-Wr-S^t? U'^:^^ K^3- Kl^-'SDN AEf«J<0±iftO«5ScW:/ 
o -^^^^Cd i A<X3^ 
:i^j^BgcDi>7— :>^^))lS^Ic*;^^T> tammm^(OP P Of^^<07^m=^i&T^-^ 

fteftfSP P0i«£^ifc(i^<07 7 5^> > htr^trDN A«?S«I ; iJ-kC^ 

IS D N AmiSSft)^Stffi«5a»4*ti*A LTJ^Wfitt U fc««5*9C(^-^'* Zt^ 

D N A «IS«3(±x iE^lt P P OmBi^tzt^-nr >^-fe>XmRNA^:3 - KU 
TV^-&E?'li/::{±^07v5^>>h*^t;CtA<X^«»o DNA«?StSll±. PP 

t^DtiAm%^'^mmi^&n^izmALxB'R^»Lizm^^mi&-t^zt^ 

DNA8lig«!Iti> P P0:rUE?iJ^:3- K tX^^i D N AK2?'l* /::tie'07 5 
ffi^J!itia«fiDiS^^£aJST*»-:>XJ;V^o 0iLV^S5«(::±>*t^X, tt^jfis 



^«ftcDffltt55taKt4Jl^fev^T. P P0*<*^tattia4iT;iF.ffi:t::%^$tiec<t{i 
mffi^tli^ m^li. P POSt4{i7'K'>mi?OKl-fcV\T^^tOiS^J:'3 t>{* 

TCD^ppogft«^^i5'r'&o cntiissic±3it<sp pos^^{gT$-^fi-o»s 
cn(i. ^^^^^ &> 

^^^^Wf-ST ?''o/<? (Agrobac t eri um> !CJ;5fi[i^ 



^^¥7-501686 (5) 

^©:75ry > h^r^t/DNAyo-y^m^-Ti^ 

J^U-y^^-OP POEy'J'S'ffi^^T, C(Dit£^*f&0«*^^>^;5i:7tcPC 
•c L •> r j::^ > i: C; o •> tf ^ I' ' < J' H C>E?iJ(CS^ L T<8^^ ^ 
fteO«^PPOit&F^f#5J:'7lc:?'o-7'^^J:c;:>'5'f v-^lftlt 

c DNA*/^[iyy A^-ry^ 'J- : *jj;c; 

:H'J7j;y-VL':r+->^^— (PPO) ^tt^riN^f S^J? 'J K©iftG^«r 
^t;DNAE?tj±fc(±-t07vr> >h^^t;DNA:/o-7'^:ffie^L ; ^LX 

^;{±aO P P OitG^^i075 > h^^CD N ASd^'J^^OC <b?i<T§ 4p 
DNA:7o-y{i, (StJ!)a;6-^,(0^cDNA:*JJ:c; 



^rJ-, 7'KO^;^tia(OPPOitiH^<OSa5ri^^t;211)§li/::ti^- 

p c R^ff'i -5 p p oiae^'jr^cD N AK^tj^Ttfi-e^^? 
ii^m^i±^z^^^vyj/^\^X'^x9:imt^ztA<x^ 

^^m(^hr>—:><^1&^\^is\^X^ P POffitt^W^^fHM-^yf- K«r3- K 

ffi«jm*^^m»|$nfcmRNA : 

m R N A ^iSti^e* JR J: Cf T :^ - -r - LXm— «S c D N A 

-tcO^TU^Bt^tlfc c DN A^s :f 7 L/7^f• K^^-f •^r-feiCf't? 'J 

y K':?i/t(ia<OPPOi«e^E?<]tii£cf< ciA<-C^5o 



iA\Z7'^-'Jj^>h\zX^x^miti-^ztf}<X^^^ ffi^^14tia®5lT*>-o 

^jl7A (CTAB) x^'-vjlV M±ai^-C*«»C:iA<^A>oTV^<So 
h/^7 -f -:^j-5A^;SW-SCi:A<-ClS5o Q — b 7 t o - ::^(C<^\,^T7 Jl' 

APIQAPDISKCGTATVPDGVTP 

ccT. :^^BM^nmm^j^tf^mimLx'siK^ii^izzm-ti><^ uA^u^t** 
HI'. 

)R:J?^: d - K-^-^a^^^gG POl cDNA^i'U;:^-^- KKy'JtS J^C^R*^ 

E12 : 

V V V y oii<^) y 7 * / -v^— y'^^ B p 0 1 ^ □ - >ottK*i Jic; 

•tt © ^ U B 1 5 7* -7 -< ? - (0^S«^^-*'o 
IgI3 : 

>J PO'SrP- K-^"*^ a- >P SR 7 tJ-fcC/p SR80^K*ii;tf 



^ -5 CD t ^ G E N 4 y -7 -7 - cO«ii«J£:^t o 
04.: 

3 :/ 5 V - <D «fi%^ ^-To 

(SDS-PAGE) y;UTiomsC£Mi(cJ:-:>r««i2*n;tJ;-7lc»*i<iaJS 

OmU7XZ2i\,\L>m^\z 1 0mM-:^^7^ h 0 0ml 

y KC'^rh^D 0 Om 1 (wtox,fc„ MH-^-l 0, 0 0 0 x gTl O^JRflja'D 
^IKU ^-LTJb^^^^Tfco h®^^> 1 OmMT::^3;l't''>it«[fc 

J;C?lmM>-^f-?r h U-< h-^l'^jQ;t^2 5mMU h »J -^ A^ pH7. 2 

fcS^lfcKf^i'-H'h «; j'^;l^T>^'-=.OA (CT AB) OAH (w/v) *§tt2 
5 Om 1 ^£:JiD;t/;o 2 O^fal^ >4^^'<-" h tfcS^. Jfim©!^: 1 5» OOOxg 

pH^7. 0l:i:9St/::^x -tn^ 1 5. 0 0 0 x g "C 1 5 ^roTiS'^^^Iti L 

Lfcatv'E-*!-^! 5. 0 0 0 xgT-3 05^raa-C>5))(IL/ro '^Uv h^, 10m 
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yx-'^o/<>, pH7. 5 ('<:^7t-A) 4itcift|$S«l oomimKaa 
^^/=o lAHitt^. ><-y7T".AT^*-lf'/;:-tr7rT'?*'xG 2 5®4 x4 0 

2, 5 X 1 0 cmA7^;ci»Da6m l/^JTAn^at. A5i*«'^<? 7 t -A 4 

0 0 m I Tzffe?^ U /=o PPO^^>:/7 7-Att'O0-5 OOmM N a C I Oig 

^Tismi,. ^Lxm^m^^9ki6fz^ a»T>^:-'>/.t-«>^««i Mi-cm 

pH=&7, Otcast/r* C©®:^^:, X MaSET v^^*? A, IM KC 

1 ±>Jt£^ 1 mMi>*^^ h U-^ h-vl'^JD^fcS OmMV h U pH7. 

X 3 5 cmA^Atce^tiei. 5m l/^-C3f£iaLfc» ^^i.^^<'7 7 r - B 1 2 
Dm ITife^LAi^x P PO^-1 0 0-0«'<y 7T-B(043E-C#&«Lfco ?£ 
feS^^:3fc>ba-?Ti 3> (Am icon) PM 1 OPanttiftflLh-C««L/=*. 
1 mMi?f-;f h U'i' h-jU^l)a;t/;:2 OmM'J >KA y pH7. 0 
7 T - C ) 1 3 tslIK 0 ^x. ^ O t::*t LT^RT i^-^ T 7 ■< h L/- i/ » J£:?t 
tZ-^lto C©®5>*^ -'<'y 7 T-CT^I/$-ti-/::t Ko + i/yl'T/'t^-f hOl X 
3 0 cm^^j-yiHtcSUai m 1 /5)TAn/r, ^7 AJ£r/<y 7 r-C 5 Om I "CiSfe 
?^Lfcijfc^ PPO^/<^7r-C4iO-5 0 OmM'J 'J ACD4gET^» 
Lfco «i6ft:®^g^^^*J'feo-^l,tt3-c2 09^ (v/v) tc LJgl-?- 8 Or-^7 

C©«f^©>Smx 1 8 0fglc«SL/::PPO;!i<?9?>nfi'D«l9?PPO^>/<i^ 
JI3. 5mg«-^L/::o WK^iaTlc^t^l-^i* 



:yK^miiPPQeomsi 

















(m g) 


(U) 


(U/mg) 








19, 360 


7.040 


0.4 


100 


1 


CTABra&tB«9 


960 


2,070 


2.2 


29 


6 




600 


1.760 


2.9 


25 


8 


Q-'b7 7- a — X 


130 


1.520 


11.8 


22 


33 


7 X— /l'-fcr7 r o — X 


10.8 


400 


37 


6 


103 




3.5 


230 . 


65 


3 


180 



*7'K'^^3 0 k g7^^^ 

fa«!*«£ffi(±. SDS-PAGE^^tt'r'5Ci(zJ:-:»T«feSL/:a ^mHO^ 

T^*$'ti'/:-tr7rf*y ?XG25©2. 5x20 c m^7 A(c±;V^TJ(tiS5 m 
AP 1 QAPD I SKCGTATVPPGVTP 

•J^-rr^ (Re z a i an) ^XXJ-^^-^ (K r a k e) (1) 

'J 3*-dTX^<>y7^A (7 T-^*>T • x^UV-^ t*- • J n 

(Pharmacia LKB B i o t e c h n o I o g y ) ) t::i5l^C itw 
JioT^r-'J (A) "^{-St'RNAg^^rm^io 



;S-«cDNA^. 50mM^yx-HCl pH8. 3. 25mM KC U 
lOmM MgC]2- 4mM DTT, 1 mM NaPPU 1 mM dNT 
Ps. y--K7 U7— 4/ffi«3PJl Us 7'K'>lR^O:t!'J (A) "**IC«CRNA1. 
4 ^ g. AMViS5G3?6f5P5 (7'uy^. 3-7* (P r ome g a Corp)) 
2 1 UfeJiC^^N-f^y V KdT I 7-T^:^^'-7'5'r-7- 
(5' -CAacCACTCGACATCGATTTTTrrrTTTTTTnT) 

0. 5 tlz^'^tsmm.■^^^^z^\^x^ zx.xx^fSi^'^x.fz^ m^-. rjcs 

^«!1'£:TE (1 OmM h 'j X-HC 1 pH8. 0>lmM EDTA)'C80 
u. I tT?ft9?Lfi-p-2 OX-CfffjffiL/io 
3 2 -7"?*- 'J zSi^^X^ic^ K'^'7'f •7- 

(5'*-CCIATICAGGClCCIGATATIICIAACrrGTGG) 
W5i7'K'>PP0cr)NmJSi'>"-!?KE?fJ (7 17112-12) tcA^LTR 
ntfcp 3 K>ffim^t:i3£':^OT3eaJbO«iS^:iH^R-r«.Ci:A<X*iiail-r 

^77*5 W K • '<-f 3i-'>XirAX (Applied BiosystemB)D 
NA^fi£«ir&fiEL/::o 

cDNA«:> 7a---r> (F r o hma n) (2) 0:^r^lC5^Hd*J{: t fcd<-5 
X. 1 OmMb';x-HC 1 (2 51:-CPH9. O.SOrnM KCUl. 
5mM MgClg^ 0. 2mM dNTPs^ 0. 0 1 9tf-tf ^f-V (w/v) ^ 
0. 1 96 h 'J h:/X - 1 0 0. ^&f?Lfc3B--«c DNA^iCig^ttS// U Ta 
q DNA^ti'iy ^— (yay;y . 3-70 1 . 2 5 100nM7y:/j5' 

(5' -GACTCCAGTCGACATCC) 

ax^xsi NjjcasT^v-i'-r- (±Kici2je©) *^t-KJj;a^«95 o // 1 « 

(Ciit^Tvti'iy^-'b'ilgaiKfG (PGR) Hi:^Tl«*S^(ti-/::o it«li. 9410 
Xl^RH^^tt. 5 5t:xi^W©7x-y>:J^, 7 2r;*T25>M(C*^fcSX 
cr - 7 VT-fe J;c; 7 2 r r 3 ^rolO/*^^ 5 1J- -f 5^ ;l.co?nW:/n ^ 5 AIwISv ^T. 
9 4t;i5^rax 5 5'Cl^Mi3J;tf7 2*0 3^rBl^ 2 5 t^-T J' *»« 



i::L. -tLT2?55t->-y (Nu sieve) GTCrffv-X CFMC/nV;^ 
D^^?*y (B i o p r o d u c t s) ) y^l'il'C^^giit/^o I700bp:7v/ 

• ^ o — — l^/'v/;^TAXCStrataaene Cloning 
.S y s t ems) ) CDH i a c 1 i gSffit-jfitS^-t^rfco 51^ t fcD N A't:^® 

em^S (3) tiJ:-=XKyij^^t/::o 

^ ^'-'^HE^'ii. ±l2tO^Siy K^P P-0^3R^CMLT^I^>nfcN5^:?'>'■^ 
Jta'SOl 7 0 0b p ^'o K-^mRN Aoy — +^'>':/u 
y ^UJ:0^ D->i/^^3^«J y KJ!$eJc t 2 2 0 0 b pco^^^JimSiJ^ 

GPOl mRNAOS' ^i^^WI" 5 c D N A ?^ a - > C}t^cOh^>->^ 
h-^y^K^n- Kt5) ^HfriJl^ti C2) lCl2i^©3IOT*^.ii<K>i>iit 

cDNA^r. ±l2lria«tDigt)TA'&;&<^^'('rii KdTl 1 -7 9 --^^ 

l6-435nt :Kin tc^gm&^'iG P 0 1 1 

(5' -AATCrnGTCGTCACTGCCG) 
^at^m^T. fV^^^o^^^^i (A) '^l::;6CfRNAA-^.^fi^Lfc<, Ss&S^ 
63^ 0. 1 xTE-C2m I t T^^ff? Lao-tr > h 'J n > (C e n t r i c o n) 
307.t*>7-fJU^'- (Ti3>.3-r) (::J;-:.T4000gT2 O^miiSC' 



?f 11^7-501686 (7) 

^-x 7.t'- KVa c^c-^m^m\^x2^ iL x ti:mmLt^ --j?'; (dA) k<b * 

C^a/tf'Zs-'-r) 4uU ATP (ImM) 4 I isJiC;^- i T^^l'd 

^ :^;l'd h 7>;^7x^"-tfICJ;oTc DNAte<D3' ^iSIt::^^^ nfco ^ 'J 
(d A) 3^;Sf^$ cDNAcDPCRi««(±^ I OmM h U 7.-HC 1 (2 STT 
pH9. 0) ^ 5 OmM KC U 1. 5mM MgC 1 0. 2 mM d N 
TPs, 0- 0 156-tf5f-> (w/v) , 0. K>X-100s ^S5?t 

/c3S-mcDNA^;e;S#rttj5 w U Taq DNA;t?'J^5— {jfu^fl* 
^--rr^ 1. 2 5U. 2 0 0 nM/N-f y<J V KdT 1 7 -T^-r^-yT-fT- 
iJXc;. N;^}1STr^^-T-^^0J«CDt-<-TJJtiD$BlSt C3 7 4-3 9 3 n I ; 
El) icmttS^^iQOOnM G P O 1 4$^&^y^'r 2 
(5* -ACaTCAGGCACGGTCGCGG) 

J:C/7 2X:35>Rn«:2 S-t-f ^'^HSfifeLfco m^>n/;4 30bpy^r/>h* 

tTGPO 1 ?^o->ig^t-'5Ey|(^)TO0¥*^t;CtA**>*>O, COc D 
NA?a->*<GPO ImRN AOS' ^JS^r^Ow i*<5tSiE$n/ro 

Sg)lgfO P POa£?g)^a-'^>!!^ 

'jtf-^'T>'t3J;c;^^-5' Ci) (o;^fet^L)t2S<-^rv i^rna^v^^^© 

«A^^.mM[tfco ±RNA^iaJStO;fyif-dT;^^'f»^vA (7r— =ri/7 
• LKB •'<<:*-r:?/ai?-) JC^^Z i J: -a T.-J? V (A) "*'izartrRNA 

SB— file DNA^x 5 OmM h V X-HC J pH8. 3x25mM KCU 
lOmM MgCl2s4mM P TT^ 1 mM N a P P i , 1 mM dNT 

Ps, ? ur— tfSlFsi'il v^^^^jHU (a) **'i'«t;RN a 3. 

1 if AMViSe^ffiEJR i-^x^m* 3-^) 2 1 UiJJia/N'f y>J KdT 



1 7 ~r ^':f 9 -1^7^-7 - 

(5' -GACTCCAGTCGACATCCATnTnTTTTrnrnT) 
0. 8 I « g^^t;JXfi:;iS^1J!r4J(c±it*-C4 2"Ci:? 1 li5ra'I&5EL;to <;cc, S;t: 
S^15!I^TE CI OmM h 'JX-HC 1 pH8. 0, ImM EDTA)-C8 
4 Ow I 3tr?S^tfio-20*Cr?fjSL/:, 
2 5 -5-- ^' ^ 7 ^ -7- ( B 1 5) 
(5' -GCCGATCCrr [CTJ TA [CT] GA [CT3GA [CA3AA lCT] AA) 
yKC^PPOOE^'JUS-TJ-^^TlSltL/::* 
cDNA^. *:Heyfc(i7D--7> (2) o:;^-SlcLf::A<oT^ lOmMhU 
X-HC 1 (2 5TTPH9. 0) , 5 OmM . KC I . 1. 5mM 
MgC I 0, 2mM dNTPs. 0. 0 l^-tf^f^V (w/v) . 0. 1 
9«l^'Jh>X-100, ^^??L^m— Sic DN AS;£;S^tJ32 0 ;i U T a q 
DNA.•^^■J y -^--tf (t^a / ^/ . rj-^) 2. 5 1 0 0 nMTrr^--/^ 

(5' 'GACTCCAGTCCACATCG) 
^^rs li/M B15:/-7^v^ ChiSiUStt©) ^^Ci^feS^Us 10 0/^1 
c+3tc:feUT=ti U y 5— fiim^lc; (PGR) lcj;-^Titim$-ti-/::o 
t«<Sli, 9 4'CTl^r«lO?Efe, 3 7^-C2^>racD7^-'j 7 2^^T 

2 ^r«it- b)^;<bxo-5>r±3Jic;72'c-e3 5>r«'iof*s^: 3 -y ? ^uowssr 

n/7i.lw6t^>T. 94"Cl^rBV 5 5*C 1 5>raliiJ;C; 7 2X: 3^r«1^2 Sl^-T 
^^^U^JSL/Xo mig^^n^DN A^7*y-JU/?oDrf.;W/.T-mmL. J 
-Jt-T-CtSS*^. LTTE43|-|^R«!$-ti-/:o DNA^J^uy'>77?V>h 
T'T-v^ h5KJ3JW^t;L, ^'LT2?^? -^-rG'TGTjyD-X CFMC/^-^jr 
o^^^'V) y/Ui:_T-^gi|L/c* 7 0 0 b P7-7// > f'^y>t.ri^t>*eLa-py 
'} :/ S K"^K? ^- CT. ^ • :ra-j:.>^- -^Xx-^X) 
<0E c oR VS5tit;rfflfg$^/^„ at^gL/tDNA^:^85®DH5 4'(cS9AU7to 

tag!s<*?o->^. yK'>ppo^'a-> cgpod o&^ttiRSi:?^^^^ > 



t; >rfP P Oigfe^gp^ n-r.>y 
yi?'W'r>±?^C^i'^-i' (1) iO^^^ICt/iA^oTs :^RNA*fi£»'J ^^f 
^^;&-^>mKL/;:o 'J (A) '^'cilSfCRN Aiii5>(±, ;tf»}ATh^^hmRN 

3S-«lcDNA^, 50mMh>JX-HCt pH8. 3. 25mM KCU 
lOmM MgCl2%4mM DTT^lmM NaPPixlmM dNT 
Ps, 'J.-Kji^'UT— tffSWS?I4 OUs 'J>=/6D:t?'J CA) '*'lcat;RN A 1 
g. AMViSSK^KJR C/ny:^.3-r) 2 4 UfcJ:C^/N'< 7* U v K dT 1 7 

(5* -CACTCGACTCCACATCGA I H U 11 1 IT! 1 1 111 i ) 
0. 5 4 /i g^^t;KlC;S^«!l2 5 iu I 4^1::*iV^r4 2'CTlK?Wl^fi£Lfco »: 
IC. S^S^tel^TE (1 OmMhyx-HC 1 pH8. 0, ImM EDT 
A) -C5 2 5ii 1 *-C?&«f?ta-?-2 0tT)r?«U/::o 
2 8-7-:*'';:^? ? Ky^-fT- CGEN4) 

(5* -GCGAATTCGA [AG] GA [TC] ATGGG I AA [TC] TT [TC]TA) 
aK^P POOEJrijtCJSrJUraULfco 
cDNA^. 5t:St&ilti(±7a— 7> (2) Or^feti Lfc*<o lOmMh-V 
X-H C I C2 5Xr pH 9. 0)^5 OmM KCU 1. 5mM 
MgCl2-0.2mM d NT P s . 0, 0 I ?tf-t^^f-> (w/ v) ^ 0. 1 
?^ h g h >X - 1 0 Os ^i^f?U/im-mcDNAJKf5S^2 0^/ K Ta q 
DNA4i';/7-^f C/D///'. 3-y) 2, 5U, 1 OOnMrj^'Ti^'-y^ 

C5' -CACTCGACTCGACATCC) 

|(^i{ifcu-r:tt';y 7*— tfie«;K0 CPCR) (cJ:r.TtS*g$-^/::c 

9 4'CT15>nii©3£1S, 3 7'C-e2^W*0-r--y 7 2*0^? 

2 ^m:.^fz 5xci-5>yfcj:cr72'CT3 5>rtg<^»i*Si: 3 ^uo^axq^ 

uif^UXtms^Xs 94'Cl^ron, 5 5'Cl^fJi:fei;C?.7 2'C3^W^2 5-t^'r 



□ ^jf.y) y^uJi-c^BiJLfco 1 0 5 0 b pcD:7^/> > hJ£-y;i,56.^,mi8La 
'j h S K'^K^ ^- (X h-? ^ • o--:^^^ . u'x-rA 
X) (DE c oRVaJtaiwiS^^tE-fco «^L/iDNA^;^®DH54itcS|:AC 

□ „.>-v^/ CLogemann) ih (4) <o:;^Sfw L7t;&<':»Ts :^RNA€-7fc 
3l!\v>;V'r*^^^A>^>m)8L/::o ^ 'J (A) *** tCfft;R N A@5J(1. ^'JATh 

58— mcDNA^r. 50mM^»Jx-HCl pH8. 3^ 25mM KCU 
2 OmM MgCJg, 4mM DTT. ImM NaPPi.lmM dNT 
Ps, ? l/r--t^ffiWa'14 OU. '»:^/>f ^<DJti>; (A) "^{cSORNA 

d T I T - r - y V ^- 

(5* ■^ACTCCACTCGACATCGA 11 U i t ' tl 11 i i 1 1 U I ) 

11. iKf&a^^Ja^TE (lOmMhUX-HC 1 pHB. 0. ImM EDT 
A) T5 2 5 1 t r^^??Ljao- 2 0-C-efffKL^::<, 

GEN3: (5' -CCCUncnjTC] [TqilCCITTTOCAETC] [ACJG) 
GEH7 : C5' -aCAATTCAA CTC] GTICA CTC] [AC] CI ATCTGG) 
cDNA^. ^^^H&^l-livo-vv (2) co:^7fe{rt^;i<-5T. lOmMh'JX 
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-HC 1 (2 51C-CPH9. 0) , 5 OmM KC 1 H 1, 5mM MgC 1 

0. 2mM dNTP 0. 0 19^-tf7-?^> (w/v) ,0, 

-10 0. ffi9^U/i»-Haic DNAKlCfi^2 UTaq DNA^yy 

^--tf irru/if.zt--r) 2. 5U. 1 oonMrry^-y-7-r^- 

(5* -GACTCGACTCCACATCG) 
fcil/l^/M GENy^-fv- CJbKir«Btt6D) «-^CS;c;K^ 1 0 0 « I 

9 4X-Cl^rBliO?Ett, 3 7TT2:»PJ)©T--'J>/. 7 2^tT 
2 5} *p/i4xo-7> r ±J J; 7 2 3 ^T^oyt^0k^ 3 ^ ^t-OtOX? ^ 
Dr^Z^lim^T, 94'Cl^r«1v 5 5t;i5}P^t;J:c;7 2X;3^ra*2 5-9-^' 
i^^t-^JfiL/Zo J«»a3fn/:DNAtr:7j./-;t./i^Da;t;;i/ATJ4aiU J^^/ 
-^^T£tl5$-t[-. -tLTTE^'Clffiifi^-tf-fco DN A^i' r> ^ ^ /^y > 
Tyv>h5^igM-^(rU ^LT2«7'>-rGTGT:^D-x (FMC/^-r^T 
o5^?"y) y^LJtT^gijt/io 1 500bp±;J;c;i 0 0 0 bpO7^^y>h 

^yjuj&>c,m«Laoyji.-xj' uy h SK*^^?^- (xh5^i;->- 

i^X^AX) OE c oRVaifiricil^^ii.^, i»i^U/:DNA«-:;#cH 
SDH5tt3(c^Atfco tfimt*5'a->^-ai^Us -eLTSffim^^o-V (p 
SRP32. pSRP33*iJ;l/pSRP72ifJF^i) ^m^L^-oi?^it^ 

i^ + Zr-r^tt^PPO tnRNA©5' 5^«l«rW-^-'6 c DN A o- 

(.^T^f+Zf-r^J^gERNAA^^^ittS^-ti-fco SB— mcDNA^. ±ss.izim<ost 
t^T*^.A</^-<'y U y KdT 1 7 -ryy^-y^-r-^-cDK+^OCs p SRP 
32±^J:c;pSRP33^D5' 3)5SS©TSK<D2 5 7-2 7 8iSaS€S«tc^9l«&;j/;i 
v + ;V'i'^«i^P P0^^^y^^'-7- 1 

(5* -GACCGTACAnACTCnAAAT) 
^K$»^T. v?i-;V'<^^S©rH'i (A) "^'tcXCCR N AA^^^fiSL^* S(C 
ig^«9^:0. 1 xTE-e2m I tXi^mtR-^-t > h 'J u > 3 0 X fc* V7 -f vl/;? 
- <Ti=3>.3-y) (cJ:or4 000 gr2 05)P8'IjSi6:9*ILT«*I©y5 



5^r«ntz«£UT6 S-CTS^r^l-^ > + h L/::»tc:TE-C5 0 0 I 
^nfccDNAll. 5fiU 5xx-'J>r'<^7r- (yoy/T'Zi-y) 
4 U ATP (ImM) 4 w 1 *i i ^^Ud h ^ >X7* 5 — f (^o 

X7x5--eirJ;^r cDNAm(03' 3^Jglc^^$n/Xo ^t^U CdA) 5^S^ft 
S c DN AiDP CRtfiteds 1 0 mM h 'J X ~ H C 1 C25'CT?pH9. 0). 
5 OmM K C 1 . 1. 5mM M g C 1 g x 0. 2 mM d NT P s . 0. 0 
l%4f^^> (w/v) . 0. h>X- 1 0 0. l&^Lfc^B-fiScDN 

A^ICfS^1i!)5 *f U Ta q D N A ^ U > 5 — t? a ^ • a 1, 2 
5U. 2 0 0 nM/>'f y; V KdT 1 7-T^r^-y5-<v-*JJ;C/. pSR 
P 3 2fci;c;p SRP 3 3(05' j^aScDTStt® 2 3 3 - 2 5 4iS3£|[g«(=<itt^ 
^j:9 0 0nM v+Z^-f ^tJfeSEP PO^SSl&^3y5-f-v-2 
C5* -TCaCATCAACTCGAGTTGAC) 

U y h S K J' ^ - T ^ o « i/it: mis® J: 9 t::E?'J^S LT p S R 
P3 2^'D->iE«ir'£E?']^^)^S.«§J«^^Cci75t^J;fr>^s COcDNAi^ 
D-v^iyr/Z-f^ifeSmRNACOS' i A<5t|iH$ tlfc, 

1 . >; Y-r T> (R e z a i a n) , M. A. iiXXJCf'?-^ (K r a k e ) 
. L. R. CI 987) o J^b-y^-'-f ^(Dt^KJSaifciC^-oiOt^fem 

(Nu.cleic 'acid extraction and vine 
detection in grapevine)© J . V i r . 
Method 1 7:2 7 7-2 8 5<. 

2. 7u-W(Frohmann),M. A. (1990). P CR 
Protocols:A Guide toMethods and 



CG e I f a n d) . D, H. . X->X4— CS n i n s k y) . J. J, . 
'•f*7-f Y (Wh i t e) . T, J, Etf) . TiJy'l • ^UX 
(Academic Press), j^at-s-?, 2 8 — 3 8Ko 

3. >>;V- (S a n g e r) . F. \ ? U> (N i c k 1 e n) . S. 
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Ji-SDNAEFiIS^^ (DMA sequencing with chain- 
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FIGURE 1 



ATCACTCATCACTCCTCCTCTMAC CTATOC CTTCTTTC CCTTGGTCG CTCACAACCTC C 

KASLPWSLTTS 

70 SO 90 100 110 120 

1 1 1 ! 1 1 

A CCG CCATCC CC/L^C^CCACCAACATTT C1\G CCTTCC CXCCTTCT CCCTTCTTTCAAACG 
T AIAKTTNI SAFPPS PLFQR 



130 1*0 150 160 



170 180 



GCTTCTCATGTCCCCCTACCCACAAACCGAAGCCGCACATITCCTCCTACTAACCTCTCC 
ASHVPVARH R SRR FAPSKVS 
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490 500 510 520 530 540 

I J J ! J : 

CCACCTCCTCACrWICTCAGCAAACACTACTTACCCAACTATAAAAAGCCCATTCAGCTC 
PAAHl-VSKEVLAKYKKAl EL 

550 560 570 580 590 600 

I 1 } 1 I I 

CAG AAACCTCTTCCTGATGATG ATCCG CCTAGTTTCAAG CAA CACG CTAATCTC CATTC C 
QKALPDDDPRSFKQQANVHC 

610 620 630 640 650 660 

I I j I I I 

ACCTATTGCCJU^CGGGCT^ATCATCAGGTTGGGTATACCCACCTACAACTCCACCTTC^ 
TYCQCA YDQVGYTDLELQVH 



680 690 



710 720 



190 200 210 220 



230 240 



TG CAATT CTG CG AATGGTG AT CCCAA CT CGG ATT CTAC CTTCCC ACGTTCG AG AAACTTCC 
CNSAKGDPHSDST SDVRETS 



2S0 260 270 280 



290 300 



TCAGGCAAGTTAGATAGGAGGAATGTCCTTCTTCGCATAGGAGGGCtCTATGCTGCTCCT 
SCKLDR RNVL LC I GGLYGAX 



CCTTCATGGCTITTCCTCCCTTTCCACCGTTACrrATCrrCTACTITC^ 
ASWLFLPPKRVYLYF KERI L 

730 740 750 760 770 780 

I I < t ( I 

GCAAAGTrGATCCACGATCCCACCTTCGCTTTCCCCTATTGCCCTTGGGATAACCCTC 
AKLI D DPTFAI/PYWAWDNPD 



800 810 



830 840 



310 320 



340 350 



CGCGGTCTCCCCCCCACTAAGCCATTACCCTTrCGCGCTCCCATCCAGCCACCCGATATA 
GG LGATKPLAFCAPtQAPD'l 



GGCATCTATATGCCCACCATCTATGCTAGTTCCCCATCATCACTCTACCACCACAAGCCC 
G MYK PTIYASSP SSLYDEKR 



850 860 



880 890 



370 380 



390 400 410 420 



TCCAAGTGTGGTA CCGCCACCGTGCC TGATGGTGTAACGCCCACXAATTCCTCCCCGCCA 
S KCG TATVPDCVTPTMCCP P 



AACGCCAAGCACCTCCCTCCGACTGTGATCGATCTCCACTACGATCGCACCGAACCCACA 
HAKH LP PTVI D LDY OCTEPT 



430 440 450 460 . 470 460 

' ' i I ' I 

pTCACCACAAAGATT ATAGATTTCCAGCrrACCTTCCTCACOTTCCCCCATC 
VTTKIIDFQLPSSCS PMRTR 



ATCCCTCATGACGAACTAAAAACCGACAATCTGGCAATCATGTACAAACAAATrCTGTCC 
I PDD. ELKTDHLAIHYKQ IVS 

970 980 990 1000 1010 1020 

t > < > . ■ * 

cctgccacgactcctaag c ' Itxt ccttggttacccataccgccccgcccatcccattgac 

GATTPKI^F LGYPYRAGDAI D 



1030 1040 1050 1060 1070 lOBO 

J ; J I t I 

cctggagcccgtacccttcagcacgccccacataatatactccacaaatcgactcgtctt' 
pgactlekaphhivhkwtgl 



1570 1S80 1590 1600 1610 1620 

1 i ! ! 1 \ 

GGAATAGAGCTAGATAGACAGAATTTCCTGAACTTTGATCTCTACATCAACGACGAAGAT 
GIELDREN FVKFDVYINDED 



GCTGATAAGCCTAGTCACGACATGGCAAAchTrCrrATACTGCCGGCAGACACCCCATATTC 
ADKPSEDMGKFYTAGRDPIF 



1630 1640 1650 1660 1670 1680 

I I I < I i 

TATTCAGTGAGTAGGCCTAAGAATAGTCAGTTTGCAGGAAGCTTTGTGAACCTACCACAC* 
Y SVS RP KHSEFAGS FVNV PH 



1150 1160 1170 llfiO 1190 1200 

[ i ! I i • 

ttcgctcaccacgccaatgtcgatcggatgtggaatatatggaaaactat'aggaggtaaa' 
fghhanvdrmwniwktiggk 



1690 1700 1710 1720 1730 1740 

I I ' I ( ( I 

aagcatatgJUagaaatgaagacgaagaccaatctgacgttcgccataaatgagctgtta 

K KKKEMKTKTHLRFAIN ELL 



1210 1220 1230 1240 1250 1260 

! I I ' ' ' 

AATA G AAAGG ATTT CACCG ATAGGG ATTG C CTTG A CG CCA CCTTCGTCTt'cTACG ACG Ag' 
NRKDFTDTDWLDA TFVFY DE 



1750 1760 1770 1780 1790 1800 

I I . j j ! I 

GACGACTTCGGAGCCGAAGATGATGAGAGTCTCATCCTCACTATACTCCCTCGTGCTCCG 
EDLGAEDDESVIVTIVPRAC 



AACAAACAACTTGTTAAAGTCAAGGTCTCGGACTGTGTCGACACTTCCAAGCTGACATAC 
NKQL VKV KVSDCVDTS KLRY 



GGCGATGATCTCACCATTGGTCGAATTGACArCGACTTTCTTTCCCATTCATCCCATCTT 
GODVTIGC IE IEFVSD - 



CAATATCAGGATATTCCTATTCCATGCCTACCAAAAAATACCAACCCCAAAGCGAAGACG 
QYQDI PI PWLPKNTKAK A K T 



1870 1880 1890 1900 19X0 1920 

J ! I : ! I 

TCAATGArrATCCATTATATGTATGTATCAGGTAACTCACATCTTTATGTGATTAXTCCA 



A-^vw J.<tJlu l.t^u 

I [ 1 < I i 

AC CA CCAAAA CTTCCAACTCGCCACTA C CCAAA C CC G COG AACT CCCAAAGACGACGATC' 



1930 



1940 



AAATGTGAGACTTCTCTGTACTTTCCCGTCAAGTCTTTTATTAATTTAGACCCTTG^ 



1450 1460. 1470 1480 1490 1500 1990 

AGCAGCATCGGAGACTTCCCAAAAGCTCT-rAACra^GTGAlTAAGAGTAGAAGTTCCAACG' AAAAAAAAAA 
SSICOFPKALNSVIRVEVPR 

1510 1520 1530 1540 1550 1560 

I I I ( t I 

ccaaagaaatcaagaagcaagaaggacaaacagcatgaggaagagctcttactgataaaa' 
pkksrskkexzdeeevllik 
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430 440 450 460 470 480 

1 ' ! ! ' ' 

GACTTTGCrrCCXAC CTTTGTCAATCTCCCTCATTCCTCACATGGA CXCACTAAC^ 
EFAGSrVNVPHSSHGHSHKI 



iGAATCTTGTTAGGGTTAATCrrCAAGGACAGTCTTGACACAGAA 

FY DEHKHJ-VRVNVKDSLDTE 



510 520 



1 i • I i 

ATTACTTGTTrAAGACrrCGTATAACTGATTTGTTGGAAGATrrGGATCTCCAAGCCGAT 
ITC LRLGITDL3-EDLDVECD 



AAACTACGTTATGCTTATCAAAATCTTCCCATTCCATCGCAAAATG CTAAACCTGTG CCA 
KLGYAVQHVPIPWENAKPVP 



CGAAGAACAAAAGTACCAAAATTGGTGCAAGTTGAGGTTAATGATCGAAACTTAAGAAAA 
RRTKVPKLVEV EVN DCNLRK 



560 570 



590 600 



GATAATATTGTGGTTACATTGGTTCCAAAATGTGGGAATGGACAAGTCAAAATCAATAAC 
DN IVVTl-VPKCGKGQVKI KK 



620 630 



640 650 



GTaSAGATACTGTTTGAAGATTCAAAATTrCTACCACTTTCTTATCCACCCTCTCTCTTC 
VEIVFED- 



TCACCGACTATCTTAAAAGTTCGACAACAGAGTCCAACAAAATACGTTACGTTTCCATTG 
SPTILKVRQQSPRKYVTTPL 



670 680 690 

I t I 

AG CGACTTCAGAGGTAGATTTTATGTTTTTT 



CTTTTGAATAATACAGTC AGTC CTATTGTG AAC AGG CCAAAG AAAT CAAGGAG CAAGAAA 
VLNNTVSAIVKRPKKSRSKK 



GAGAACGAACAAGACCAAGAGGTTTTAGTGATXGAGCCGATTGACTTTCATATGAATATA 
EKEEEEEV LVIEGIEFDKNI 



370 380 390 400 410 420 

I 111 t I 

GCCATTAAGirrCATGTTTATATTAATGATGAAGATGCTAAGGTTGGCCCAGGCAATACT 
AIKFDVYINDED AKVGPGN T 



riGURE 3 



10 20 30 , 40 50 60 

!. i I I 1 I 

GACGACATGGGGAACTTTTA CTCCCCCGGTCGGGATCCCCTGTTTTACGCCCACCATTGC 
E D M C N F V S A GRDP L F Y A H H C 

70 SO 90 100 110 120 

i i I i i i 

AACCTGGACCGCATGTGCAACGTTTGGAAAACCCTCGGAGGCAAGCGCAAGCACCCCACC 
NVDRMWKVWKTLGGKRKDPT 



130 140 150 160 170 180 

I i 1 ! ! I 

GACACCCATTGGCTTGACGCTGAGTTTCTGTTCTACGATGAAAACGCCGAGCTTGTGAGC 
DTDWLDAEFLFYDXKAELVS 

190 200 

1 I 
TGT AAAGTTCCGG A CAG C err CAAC 
CKVRDS1.H 



10 



30 



40 



50 



60 

1 1 I I i 

GAGGATATCSGGAATTTTTA CTCTGCGCGGACCGATCCGCTGT'rrTACTCTCACCATTCC 
EDM GHFYSAGRDPLFYSHHS 



70 60 90 100 110 120 

1 i I I 1 I 

AACGTGCACCGCATGTCGTCTATATATAAAGATAACTTGGGAGGTACGGACATACAAAAA 
HVDRHWSIYKDKLGGTDIEK 



130 



140 

! 



150 



160 



170 



TACCGACTCCTGGACGCAGAGTTCTTATrCTACGACGAGAACAAGAArCTTCGTGC 
Y RL LDAEFLFYDEN KMLR 



DSRP3 2 



10 

I 



20 
I 



TTITCCCCTT XCMISSATCGTACTTCTAjrrTCCACGAGL 
F LPrHRWyLYFHERIV G F 1 



120 



70 00 90 100 110 

I ' I I ! J 

GATCATCCAACTTTCGCTTTACCATATTGCAATTCCGACCATCCAAXAGGTATGCCTTTT 
DDPT FALPY HNHDHPKGMRF 



180 



130 140 150 160 170 

CCTCCCATGTATGATCCTCAACGGACTTCCCTTrTCCATGTAACACGTCACCAAAGTCAC 
PA MYDREGTSLFDVT RDQ SH 



240 



200 210 220 230 

CGAAATGCACCAGTAATCGATCTTC OrrrriT CCGCAATGAACTTCAAACAACTCAACTC 
R KGAV IDLGFFCHEVETTQL 



300 



250 260 270 280 290 

CAGTTGATCACCAATAArrrAACACTAATCTACCGTCAAATCCTAACTAATCCTCCATCT 
QLMSNHLTLHYRQMVTHA PC 



310 320 330 340 350 

\ \ ) j I 

CCTCGGATCTTCTTTCGCCGCCCTTATGATCTCCCCCTTAACACTCAACTCCCCCGAACr 
P RMFFCGPYOLC VKTELPCT 



360 
) 



370 

i 



420 



380 390 400 410 

ATACAAAA CATCCCTCA CCCTCCTGTCCA CATCTCCTCTCCTA CACTCACACCTTCAA ci 
lENIPHCpVH lWSCTVRCST 
430 440 450 460 470 480 

TTCCCCAATCCTCCAATATCAAACGCTGACAATATCCCTa^TTTTTACTL^GCTGCTrTC 
LPNCAI SNCE KMCHrYSA G L 



540 



490 500 510 520 530 

GACCCGCTITTCTTTTGCCATCACAGCAATCTCGATCCCATCTGGACCGAATCCAAACCC 
DPVFFCHHSNVDRMWSEWKA 

550 560 570 580 590 600 

ACACCAGGCAAAAGAACGCATATCACACATAAAGATlt;CTTCAACTCCCACTTCTTTTTC 
TGCK RTDITH KDHLHSE FFr 

filO 620 630 640 650 660 

I t t I t I 

TATGATCAAAATGAAAACCCTTACCCTCTCAAACTCACAGACTGTTTCCACACCAAGAAG 
YOEHEHPVRVKVRDCLDTKK 



$70 £80 690 700 710 720 

I I I t ! i 

ATCCCATACCATTACAAACCAATTCCCACXCCXTCCCCTAACTTCAAGCCCTTAAC^^ 
MCYDYKPIATPWRHrKPLTK 

730 740 750 760 770 7*0 

I I ) I I j 

CCTTCXCCnw;AAAAGTGAATACAGCTTCACTIt:CCCCAGCTAGCAATGTATTCCCAl^ 
PSAC KVHTASLPPASHVrPL 

790 800 810 670 630 840 

) t i I . I i 

CCrAAACTCCACAAACCAATTTCCrrrrCCATCAATACCCCCACTTCCTCAACCACTC^ 
AKLDKAISFSIHRPTSSRTQ 

8S0 860 870 880 890 900 

t I, i I I I 

CAACACAAAAATGCACAACACGACATCTTCACATrCACTACCATAACATATCATAACACA 
QEKKAQEEM LTrSSIRyOHR 

910 920 930 940 950 960 

I I I I I I 

CK^GTACATAACGTTCGATCTCTrTrcCAACCTCGACAATAATCt^AATCCCAATGACC^ 
CYIRPDVrSHVOHHVHAHEL 

970 980 990 1000 1010 1020 

I i i ( ! I 

CACAAGCCCCACTTTGCKXWACriTATACAACTTTCCCAa^TCrrTCATACACCTCMntJAG 
DKAEFAGSYTSLPHV HRACE 

1030 1040 lOSO 1060 1070 1060 

I I I t I I 

ACT AATCATATCGCCACTCTTCATTTCCAGCTCC CCATAA CCGAACTCTTCGACGATATT 
TNKIATVDFQLAITELLEDI 

1090 1100 1110 1130 1130 1140 

' GCTTTGGAACATCAACXTACTATTCCCGTGACTCrCGTCCCAAAGAGACGTCCTCAACKrr 
G LE O EO TIA VT LVPK R.C C E C 

1150 1160 1170 1180 1190 1200 

\ t i { \ \ 

ATCTCCATTGAAGGTG CC A CG ATCACTCTTCCACATTGTr AATT AGTCTCTATTGAATCT 
I SIEGATISLADC-LVSIES 

1210 1220 1230 1240 12S0 1260 

) 1.1 t 1 I 

CCTGAGATTACACTrreATCGATCATCCn'L iO i m T U ' rrrrCTlur X' CluilTiUT 
AEITL-WMMLCrCFLVLPFP 

1270 1280 1290 1300 1310 1320 

I t I I I 1 

CTCTTCAAATCACCTTTCTTG CTTG ATITCATTG AACTTCTTATTCA^ 
LLKSALLLOFIEVVI QE - I S 

TACAA 
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pSRP3q 

10 20 30 40 50 60 

L ' f I I I 

FLPFHRWYLYFYERILCKLi 

70 60 90 100 110 120 

i 1.1 I { t 

G ATCATCCAACTTTCGCTTTACCATATTCG AATTCCCATCATCCAAACCC CATC CGTTtA 
DDPTrAL PyW KHOHPKCKRL 

130 140 150 160 170 180 

f t f I I I 

CtrTCCCATGTTCGATCCTCAAGGAACTTCrATTTACCACCAAAGCCCTAATCAACAACTC 
PPKPDRECTSIYDERRKQQV 

190 200 210 220 230 240 

OrrAACCGAACCCrrrATCGATCrrGGTTCATrTCCCCAaLcCTCC^ 
R K G T VK 01,C S rc DK V QT T Q L 

250 260 270 280 290 300 

I t I t I I 

CACrrr^TCAGCAATAATTTAAC^CTAATirrACCCTCAAATCCTAACTAATCCTCCATCT 
QLKSHHLTtHYRQKVT HAPC 

310 320 330 340 350 3«0 

ccTCii'iuuiivi'i'cccTCtMccrrAcuri'crix^ccAATAAanTOyu^c ccccccgaacc 

PLLFF CA PYVLCHHVEAPCT 

370 380 390 400 410 430 

I ( I f I { 

ATrrCAAAACATCCCritilATATACCTCTCCATATTTCGCCTCCTACACTA a; I ' tfC I'l t_ AACA 
I EHI PHIPVHIWACTVRGST 

430 440 450 460 470 480 

i i I t I I 

TTTCCTAATGCTaATACCTCATACCCyCACGATATCCCTAATTrCTACt'CAC CXOU X ' XTA 
FPHGDTSYGEDKCKrYSACl, 

490 500 510 520 530 540 

I ! ! I I 1 

GACCCCM,'ri"IU'CTATTGCCACX:ACCCCAATGTGGAtXXrrATCrC<aU^TlSAATCCAAGG CA 
DPVrYCHHC HVDRMHHEWKA 

550 560 570 580 590 «0O 

t I I t 1 I 

ATACGAGGTAACAGAACGCATTTATCAGAAAAACATTGCTTGAACTCTCACTTCrrcrrr 
ICGXRROLSEKDW LMSEFrF 

610 620 630 640 650 660 

I 1 1 I ) i 

TATGATCAAAACJ^AAAACCCrrACantyrGAAACTCCGACA C I C i - i - lVr GACCCt^ 
YDEHKKPYRVKVROCLOAKK 



670 680 690 700 710 720 

11 i I I I 

ATGGGGTAC GATTACG CACCAATGCCAACTCCATGGCGTAACTTCAAACCAAAAACAAAC 
M G YDYAPMPTPHRHFKPKTK 

730 74 0 750 760 770 780 

I I I I I I 

CCATCAGTAGCGAAACTCAATACAACTACACTCCCCCCAGTGAACAAGGTATTCCCACTC 
ASVGK V NTTTLPPVNKVFP L 

790 800 810 820 S30 840 

I I i I I I 

ACGAAGATGCATAAAGCCATTTOtTTTTCCATCAATAGGCCTGCTTCATCCCCGACTCAA 
TKMDKAlSrSIHR PASSRTQ 

SSO 860 870 680 890 900 

I 1 I I I I 

CAACAGAAAAATCAACAACAGGACATGTTAACGTTCGATAACATAAAATATGATAATAGA 
Q E KK E Q EEKLTF D KI K Y DN R 

910 920 930 940 950 960 

I 1 1 1 { f 

GCGTATATAAGGTTCG ATGTATTTCTCAACCTCGATAACAATGTG AXTG CGAATG AG CTT 
GY 1 R FOVFL NVDNHVNAH EL 

970 960 990 1000 1010 X020 

f I I I I I 

CATAACGCACXGTTCGCGGGGAGTTATACTAGTTrCCCACATGTTCACACACTTCCCGAG 
DKAEFACSYTSLPHVK RVGE 

1030 1040 1050 1060 1070 1080 

( t I I ) 1 

AATCATCATACCCCGACTCTTACTTTCCJkCCTCGCCATAACACAACrrCTTCGAGCACATT 
NDHTATVTF QLAITELLEDI 

1090 1100 1110 1120 1130 1140 

i 1 i I I 1 

GCTTTCCAACATGAACAGACTATrCCCGTCACTCTCCTACCXAACAAACCTGGTGAACCT 
CLEDEETIAVTLVPKKCGEG 

IISO 1160 1170 liao 1190 1300 

I 1 I I I I 

ATCTCCATTGAAAATGTGGAGATCAACCTITCrrCCATTGTTAAGTACCTrCTCAATTGAAT 
IS lEK, V.EIKLLDC-VRSQLM 

1210 1220 1230 1240 1250 1260 

1 I , I I I I 

CTCCTG ACATTACAACTTTCATATt. VI 'i U I'i AC iV 'i'i U I'l'iU'i CCATCTAACriUTCCTG 
LL RLQL-YVFYrCFSH-LFL 

1270 1280 1290 1300 1310 

I I I I f 

TTGAAATCAGCTTCATGCTTCATTTCCTTGCAGITGTTATTCACTAATAAAATCA 
LKSA-CLISLELLFTNKI 



10 20 30 40 50 60 

! I I I 1 ! 

TTTTTTTTTATTCAAAACCTACCAATAATGCCAAGCTTCTGCAATACTTCTAGTACATCC 
HASLCN S C S T S 

70 60 90 100 110 120 

t I I 1 ( I 

CTCAAAACTCCTTTTA C l' i L ' l ' l cerrCCA LTrci ' ia 'AACTTCCACTCCTAAACCCTCTCAA 
UKTPFTSSSTSLTSTPKPSQ 

130 140 150 160 170 180 

I I I I I I 

CTTTTa^TCCATCCAAAACCTAACCAAATCTTCAAAGTTTCATGCATCG'n'ACCAATAAT 
LFIHCKRHOKFK VSCMVTNH 

190 200 210 220 230 240 

I 1 I I I 1 

AACGCTSACCAAAAC£AAAACCTTCAAACGAATTCTCTTCATCCAAGAAATCTT L I T CTl ' 
HCOQKQHVCTKSVDR RHV LL 

230 260 270 280 290 300 

I I I i I I 

CG err AGCTCCTCTTTATGCrrcTTCCTAATC CTATACCATTACCTG CATCCGCTACTCCA 
CLCCLYCVANAIPLAASATP 

310 320 330 34 0 350 360 

( f t t I I 

TCTCCACCTCCTCATCTCTCGTCTrGTACTATACCCACGATTAACGAAACTCATCTttGTC 
SPPPOLSSCS IAR IHETHVV 

370 380 390 400 410 420 

I t I I I 1 

CCCTACACTrGTTGCGCGCCTAACCCTCATGATATCGAGAAAGTTCCCTATTACAACTTC 
PYSCCAPKPDOKEKVPYYKF 

430 440 450 460 470 480 

1 I I t I I 

CCTTCTATGACTAAGCTCCCTCTTCCTCACCCTCCTCATGAAGCTAATGAGCAGTATATT 
P SMTKLRVROPAHEAMEEYI 

490 500 510 530 530 540 

I I I i I I 

CCCAACTACAATTTMCCCTTACCAAGATCAGCCATCTTGATAACACACAACCTTTAAAC 
AKYNLAVSKK RDLDKTQPI-K 

550 560 570 580 990 600 

{_ I 1 I I I 

CCTATTG <,lUU^ 'AACCAACAACCrrAATATACAT'lX ; iVL-rXATTGTAACGCTCCTrATAGA 
PICFKQQANIHCAYCHCAYR 

610 620 630 640 650 660 

I 1 t I I 1 

ATTGCTCCCyUUlGACTTACAACTrCATAAlTCTTGCCri'TTCTrCCCCTTCCyiTACATM 
ICGKELQVHKSHLF rPFHRW 



— 11 — 



670 680 690 700 710 730 

( I I I I I 

TACTTCXACTTCTXCBACXGAATCGTCXMAAAATTCATTCXTCATCCAACTTTCCC^^ 
YI^yPYERIVGKriDDATFAL 



770 



7B0 



730 740 750 760 

( i 1 I I I 

CCAtATTCGXATTGGGACCATCCy*AAC<OTATCCCTrTTCCTGCCATGTATGATCGTGAA 
pYHHWDHp JCCKRrt»AMyDRE 



790 



800 



8X0 820 830 840 

i I t I - I I 

CGCACrrcccrrrTCCATGTAACACCTCACCAAACTCACCGAAATCCAGCAGTAATCGAT 
GTS LFOVTRDQSHRKCAVI D 

850 860 870 880 890 

[ 1(1) 
CTTCGTTTTATCGGCAATGAAGTCCAAACAACTCAACTCCACTTCATCAGCA 
LCriCWEVETTQLQl.H S 
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PCT/'AU9 2/'0 0 35 6 

2. ^^not^w 

3. ^nttmj^ 

-TfJh'}- 2 6 0 1, di'^XjU^ 5'fAX^->' 

4. K SI A 

«ff:^Wt"^l' 2 0 6K 

^ S 3270-664 1-6646 

« C2T7 0) SI ZS ^ H ' 

s^5!t 5^ 4B 



6. ^f«3ScOlill 

<1) MI£»<^)8SR^ 



lis 



3 4 IfefSIE 

C^L^;im*£3B2s 3. 3 a M<^HK3^ : 1 M2 6ff'-^3M2 5 

^/t^ife u: * -tt C i * L I ^ C <!: -So 

y\y~'ff<-i >CgrapevinO<C)P POjlG^ti. fi£.^^ >/<?5X<0 
fiEB P P 0 ^ -5 J: IwfeaS n-S J; t::6^^ Utr^. t © 

»T u - <-< > p p 0 £OiE L ^ J:cffi£ift^^ Cfio c n ^©tam© 
&^t*4JTSi4 / u - p p o »3fioaf m^?is - c i * o 

^e^$3ir=^iTffl'.^«in5> TP P0^3- KUT^^«.ilI6£^J . rppo^n- 

t9 [5] £0 ^ Kn^r ^ i: ^ n ^ --c ^ r * -s o 
*^B^o^-co,«f$ic:fey.-c» ffi4Si:i'.U7^y-;L.:t-^->^^--br (ppo) S 



^V^ti, yuSd?'lli. ffi*J5PPOf£t^^'^1-4:l?tj^7'^K^ffecoaJ!aK5>(c 

c^eiiB - T"/ <>c> p p o >/ -f ^ ^/O T V * T -fc 

DNAE?^J^1^ E12t::®^LfcJ:7ni:s Vv-^/tOSftD P POiS&^Wt*^*t; 
V<7^ K^=)- K-r«*afeT^^A-CV^TJ:l,^<, 
DNAE5'|{ix E13lCEI^f;Lfc^-3/i:, U Vd-Mf^P P OStt^W-^^.H? 

';-C7f- K^S-^- Kr*i»£^^^^T'V^TJ:l^• 

R N A ^ =) " Kr * E^fJ^^t; D N AEf'It fcU-ttfO 7 ^ h ^-tsmf 

- ^DN AE?)]ifc{i^0 7^^V V h^;&t;iaSi;tDNA7'7;^i K^5^ 
P POStt^:Wt^.^R';-<yf- K^a- KfiaeT^^t'DN ASdyjifctl 

^DNAKJfiI*jJ:CfS7'^7; £ KK^'^^' ^-^-^JG^-lfr. StDNAE?"}^- 

^jHtRNAA^f,^5£^-£Ci/,<T$4o latftlti. >J>=f. 'J^'^'<^, 7'K7 



3h*-DNA CcDNA) ^m?5-rii^lc0[Jt?U7r-yWtRNA^&at* 
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/WtR N A ^-ietaT^XSfi. 

K^tt U Tx^;WfcR N A ^^G:?8|3RiJ J;r:f P P O^S&^jy v ^ -r-x^-m L 
T5K-mc DNA^^t ; 

^•O J; •? tiS^^ n/icDNA^^-^:^;^dhv>7«7x7 — tf-C*aS tT. 
;n'JT-ry *>>msIE3?>)^^cDNAC0 3' S5i$t::^^L ; * LT 

■&OJ;-pl;S^$n^i?t;Tf^-;Kfcc DN A^P CRICj;^Titlia^"ti''6C 

;t; T X - -/Kt R N A «ri£f£^ W3ft-C i (is ^ K P P O icBQ L T 

5' -MTnTTCTGGTGACTGGCG 

ii^ P P 0^j^&5:/5 ^ - 1± >f *tfta| P P O ixM L X£y<j 
5' GACGGTACAnACTCnAAAT 

cDNA^miS$ii:-£XS(i, K?'J 

5' -GACTCCAGTCGACATCGA i7 iniiiiiliiHU 
^^i-i^')::fy^i7U7t^ KT^^y:J'-*/^-rv-±5J:cf:/K'>P POtcMLr 

5' -ACCATCACGCACCCTCCCGG 
tfttt V \ fS^ P P O trM LTE3?iJ 

5' -TGCrCAltAACTGGAGTTGAG 
'ErWr -S P P 0^a&^:4- U rfj 5^ l/^f" K:/^ -< d i:A<T* 4o 

r::^mc DN ACD? a--V^^<;0/;«)(Or^X * K%^'^^' -t±ffi.«®«^ 

(B 1 u e s c r i p t) S K**" (±«^-C* ^ C iA<^J:'>^T<.^'&o 



^-cDH i n d I 1 I i/c!iE c oR I gl!ta:(tJ36tSt'-S - ^^^6^- tA^T-^ 5o 
(Escherichia coM) DH ^XtM^-r:^^ Z tfJ^^i>-'^X\^^^ 

lis P POStt^^r-S^tf 'J-^y^ K^3- Kt 5 DNAR?i]<0±$t£<^m^&^ 7' 

tiatJ^P PO^g&^nT-i^K'i^^^ Kt"-5ilStlfi*£^i/::li-E-07 7 

i'V > ^ ^^t'D N A «^?i!f ; ^ J: 

DNA^^^Slti, ffi^JiP POiae^t::*tf 5T>^-tr>XmRNA^ = - Kt 
P POSte^W-r-i^'J^T-f^ K^=J- K1-Sift«^t /c(i^-©77/y > J-^- 



>h^#ODNAffl^1}!I: iJctc; 
DN A«^1J!Jti. ffifidP POitfic^OT-UE^'l^r)- KLTt^iDNAEftlS 



*^S30 t> 9 — ^ iOXI^^ tC $5 V > r , IB^ P P O Stt Jt< U 5^ 3 
IS*3P P0?Ste^W1"^'-KU'^-rf- K^P- Kt"£DN ASSyfiSfcU-t-O^^ 
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DNA7 0-y(±. (aiJ!ja*>^<0^c DNA ; 4>^C? 

p c R ^ ff c o r . *g«j p p o gfe^^iT a 7f? V y ^ 3 - K"^ e atfc^ 

^mm^ ixfzm r N a ; 

m R N A ^iSfe^fiEStiJ ^Zfr^^^-zfy^^- X$!^m U m c D N A 
•?:OiotC£fe££$nfcc DNA^. ;;f'J:/7 ^ v v-±Jj:I^:J? y 

fiF^LvvtEt|{ci;u-c. * y ? ^ K^/v-f v-t±. y:/^. S/'-^-^-c 
7'K':7i/ii±^(OPPOit£^SS?'j(caS-:f< Ci*<T^o, 

P<^>S5»l-isv^T, PPOgtt^W-^^rfty^r^ K^:^- K 



J^i^^-fT-v y- : iJjic; 

:^^m<0{i^—z>(D1^.mzii^^X^ ? P 0 >'<P'Si<0^^/^Xit>'>X. 
(CTAB) ^ - 'J ^ > V Um^X^^ Z ti!><ii^-^':>X\^^^ 

^n^^o\^o—o(ni&mzi^\^x^ ^%n7 ijfmM 

APIQAPDISKCGTATVPDGVTP 
^W1-5f?H&^tC^^ni:t^SSO«[«?)P P OSt^^Wf-'&Ji? y '^■/^ K^*im*f ^« 



K^t'>fl^^%\z^^±%Z<0:3^W^m~ISt^^Mm-i-^^<0tLXt^^^Xlitz\\ 

tax : 

*t^<OM«S*h V >:/7 iiE3?'i±;J:CfetJISrt'":r^'«Y>PPO>'>/<5'JI 



» ^ o K s 

;£ 3- K-r -Site&^t^^-D N AE^iJi fcll-t© 7 ^ r / > K« 

3. hv>->v h-^y^ K^-D- 5«^PP0itE^«):/UE?ii^fc^t; 
tn^m 1 i^lBKOD N AE3?iJo 

5 . P P OiSe^CSt^ ■£r>^-t>;^niRNAS-=» - K'^->&E?«J«-^ 

6. Jte«;M5;fesa:^taii^-co5f(S^]Sii::;dt!£oDNAE?tj, 

<S ^ 9 1 c ftb O eS&^jie^] tc J; ^ -C» $ nr -5 JS^IH 3 IwKiR© D N A K 

t;e!ii?\/i^-7'/<^' > p p o ^ y k^=i- -sEJ^'j^r^trft^^gs tcis 

«<DDNAe?'Jo 

9. Ei2irEI/T^L/::i'?n:. v^?y oSI©P POSte^W-T^^i^y ^^-^ 
K^r:3- Kr^itfc^^^t-IS^^IllCJSjRiODNAE?']o 

10. EI3{C0/T^L^J;^4\ U P P Og&^W^S;!? U ^-T^ K 

11. ia4t::E7i^L/::J;9C^ + //^f ^^ft^b P P OSi^^rWt-^J**' 'J 

1 2. ffi^SPPOSa^Wf ■£^'J'<-/f■K^='-K•r5DNAE?^J*/^(±•^' 
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tttt p p ogfe^wr-s '-P y ^rf- K^:=i - Kt ^aie^^^cD n ae^j* 

7-5 7. 5 y^m< *P ^ t ;^ LT 

UDNAE3^]i^J::CrSt7'7Xi K^^^^ ^ -^Se^^T, aDNAEyiJ?- 

13. DNAE?'!^-. ffitSiat4i>^>m«$nft::Jt'J7-r-yKtRNAA>t,^ 

14. v^^y^*. 7'K'>*jj;c;s;^c,i8iF?t*4ajR^ 

1 3 t::2£«0>5fe 

15. afefP P0^ttife^^-r-&;Ky'-;7^ K^^$g«U ; 

ffitiSP POgtS^Wr^.^'J^T'^K^riJ- K-*-<5 ;H';T-r Ji^WtRNA^-e 

:3b--DNA CcDNA) ^«^r-5i;7 'J r-r^/KtR N A^^aar 

16. ^n'JT-r^/WbRNA^tea-rsXSA^ 

y T 7^-;Wt R N A ^-gsfi^gf^J y y 7- ^ •< -7 -Tto^ L- T 
file DNA^^L : -etT 

•ecDJ;-5(;:^$nfcc DNA^. y 7 - -tfifeffis^ci; (PCR) ^^v^T 

17. r^T-^-r^^-y-jft^ Ey<j 

5' 'GACTCGAGTCGACATCG Al 1 \ \ m\ lit i 1 1 1 Ti 

18. cDN A«ri«m^-tf-5X^A<x E3^1 
5' -GACTCGACTCGACATCG 

^Wt*5rr7'^-7'v'f -^-iJJiI^S' 5K3!a7'5'<-T-^:^\.^<&tt^]®l 7{C 

19. 5' 3*^J!S|7'^'f :/K'>cDNA(Ditt«mt-m<.^^»n4ift^CE 



5* -CCIATICAGGCICCIGATATIICUACTCTGG ; 
a c D N A CO iS*Sm IC ffi > n S ^(C E^iJ 

5' -GCGGATCCTTCCT]TA[CT]GACa]GACCA3AA[CT]AA ; 
•J >r/c DNAOl«^ffitcm<.^«^n5^&(::Eyj 

(5* -GCGAATTCCACAClGAtTC3ATGGGIAA[TC]n(TC3TA) ; 
•t LT X + /f-r * c D N AcDi«tSffltc^ t ^ ^>n*ia^(cE?iJ 

GEN3: C5' -CCGAAnOT [TC] [TCJTICCITTCTCKACTC] [AC]C) 

GEN7: (5' -GCGAAnCAACTC]GTIGA[TC3 [AC]GIATGTGG) 

20. ^>')'79:^M\Mnh^^n't^JLn.-hK 

y Tf ^;U{fcR N A^i£f£:?Hfjft±5J;c;P P 0<^i?S^y^ -r-TiSil^ L 
Tm-mcDNA«:^L : 

-&cC)J:-3t:^3Fn/:c DNA^^- • ^/l/d ^ 7 >X7^ ^— t^T&3^LT. 
^ •Jrxy v^^gUE^O^JScDNAOS' 5fe^lc^^L; ^- tT 

'eoJ:-?tc:S^$nf:Jtty T-r ^Mt c DNA^^ p CR«:ffl(.*TttttS^1±4 
C b^^ti^im 1 5 t::ie«o:^^o 
2 1. PP01^a&^7'5'<T-A<, yK^PPOirMLTE?'! 
5' -AATCTTTCTGCTGAaCGCG . 
^^t-S^y J' K7'7-fv--c*Oi/::tilSPP04^^fi^7'5'<^- 
7i<. y + ^y-^^tft^EPPOtrMLTE?!] 
5' GACGCTACATTAGTCTTAAAT 

^wr-s* y i^^^ K7'7'<-7-T*<&m5jt3®2 oic!s*£<o:^^o 

22, cDNA^i«fa$ti-4Xm*^ E?'j 
5' -CAaCG.AGTCGACATCGA l 1 1 Ul 1 U i 1 WWW 

Ey<j 

5* -ACCATCAGGCACGGTCGCCC 
i + ^tft^ P P 0 LTE?'j 
5' -TCCTCATCAACTGGACnGAG 



^^ti P P O^K&^;4- y =f ? 5^ v >i'-r-^ffll^4W^^2 1 

®:^^<, 

0 Ja.r5 D N A c D N A E?i|-C S mJ^^H 2 2 l;:5£ttO:;^&o 

2 4. DNAE?'i^r5:^i h^Hm^^^-^i^^^st-r^xmn^. 

^^.0^^07 7^;' > h^mmt ; ^ErLT , 

2 5. «[tft|PP0Sl*^Wt-£^y'<7'f^ K*3- Kf ^DNAE?'^*A:li^- 
c07■7r;^ > h^^Vm^^VtiA^^:x.i KT^oT^ mteSS^^CfcV^Ttt 

2 6. DN AE?'JOj:«ft®«eE&^7o*-^'-SI3R«:^t'f«^^2 5(:iJe«0 

taft(*7'7Xi Ko 

27. DNAEW<. y K-^H y >=i'*/::tiv^i-^-f^r*A3E<0PP0m 
i^T^-T'S^y'^yf- K^U" Kf -5.fll^«2 6uSa«(0tfifttt:7-vXi Ko 
2 8. ffi1i3ta«i4^0P P0St4«^;Km^eT$ti-i:^^T*-5T, 
«^P P OStt^W^* y '^T'^ K^ZJ " Kt-$tt«^6&T* ^11-5:07 7 
>h^^CDNAm3Ke!I: iJiC^ 

m D N A A Lr t A:tttJ!l«:K!iaE^ * Z i 

2 9. DNA«ISti!)A^ SE«3PP0}tG^IC^-r5T>^-t?^'AmRNA^:3 

30. DUAmmm<. m^ppom\^'S:^t^^^'i^^f-^'^^->'''^^^ 
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D N AEyfl^WA^ n;tZJS3ti>^ ^ ^ - ; ^ J: 

3 3. tt«JtS«4'^DPPO;S^<07j^q8^iil:*:*tirS:&^T*-^T. 

St D N A «l51}i^^|gttSt*^4itc:^A LTJ^KKIft L fzm^^W^-t^ Zt^ 
3 1. DNA««Steiali<v S ^ > '> v h^*:^f^ K^&a- Kf -S^feP P O^fe^ 

3 5, ^t'E5iW<. «[«5PPO?gi4^W^'S^Ky-^-:?*f-K=&ffeiD^8aK^IC(S] 

5 J: ^ fcfteo K?'J fw J: ^ T K ^ tt^ t> nr V ^ ^, m^^S 3 4 {ciiatto:^ &o 

3 6. V^-rX. h^h. 3?^ 3- t-ijJ;C^:; 3r;6^ 

3 7. DNA«|gft:e'<s 

D N AE^J^aiA* njti:fi!c^-;^ ; * 

3 icj3«o:;^feo 

3 8. «^P PO^g^^^Wr«^^^ y'^^^ K^:^- Kf -SDNAK^tJ^fcti^- 
<D75ry > h^r^ti'DNAya--':/^ 
3 9. P PO^fe^^-^-^itf U'^y^ K*3- K^-£DNAK?iItfct±^07 

cDNA*/::liy/ A^-ry? ; iJJ:l/ 

POgte^W^^'tf'; ^^f-K* 3-" K-^-<&DNAE?<J*y::tl^-0:?5 
> h^^i'DNA:?'D-r^£-aimt ; -tUT 
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K i fcilSO P P O itG^O 7 5 > h *^OD N AC?^!^i&0«*^ 3 9 

4 1. DNA7a~y-t, 
««5aj!'^t.«D^cDNA ; te^tS 

tt«5 p p o?£tt^^t*5 1}! 'J " K-fsai£? i^afriitc^-r y y 

PCR^Klfitr. *a«iPPo@t^«.wr**y^:r^K«:3-K^Sat£^ 

^^t; D N AE^i * (i ^rO 7 ^ r / > h ti- <5 C i *d ^ T 

SKii-r 3 9 iztsM.<o:^m<, 
4 3. p p o fm^mr * »K y '^^/f- K jfc 3 - Kf ^ ae^^dtj d n a E?^i 

ttm R N A *iSI£:?Bit**5 J: O^T y y ^ - y ^ -< V - Ttoai t T»-HBa c D N 
A*^L;^Lr 

4 4. P P O^^^i-^ tJ! y '^y ^ =1 - Kf ^ate^^^t? D N AE?*] 



AP I QAPD I SKCGTATVPDGVTP 
^Wt-Sv ^K&^l::|sfin''ittSSom«3PP0Si4^W-r'S^y'^7-f- Ko 



{s n i£ « « 



nCU» SKAItCllEO 



AU : CI2H li/S3 »«« 



DER>*^KT DATABASE; WPAm:EYWOItZ>5i FOLlfTHENOL OXttJASE. f TO. CATECHOL OXIDASE. 
■nr^OSlNASE. tilfKEMOLOXTOASH; HOT WEYWOIU&S: CATECHOL OXIDASE, fOLYT H EN OL OXIDASE. 
FKl. SEQUENCE, PLASMIU, ONA. CDA. CHEMICAL ABSDUCTS; STV DATABASE AM(NO 

ACID SEQUENCE: CASA^KFTWORDS: TYKOStN ASE. POLYTHEtlOL OXIDASE. TTO, BROWNING 



DOCVMOm COftSlDCMO TO ffC UtUtVAtTT 



AU.A. t\i*im moNALD ctmiiUE foundatioh for medicai. 

RESEARCH) 7 A|«l «M <07.<M.t() 
pafM 1. 20-lt. tUiBM 1. * and T 

D«r««>l RIOTOd«< Mmnd Aommkm m. *»-IMt3 AWtncwof *• Amm) 
MMtMf W lb* AMMnn* »octM7 for M k tobwtofy, M««t«t. f*t« KJ. . 



0 





H— « pwilct i«iniWwttA/AU 

AUSTRAUAN fATEKT OfTtCE 
fO BOX SCO 
*O0EN ACTi6«6 
AOSTRAUa 



3 rut (oj.fh92i) 



R.OS»ORN£ 



F««arCT/BAnt«l« 



M •/ 1«« an (Mr tv*3i •••^ 
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a IS » « e 



s n X n « 



TCTIAVWVmOM 



DOCW»m CDNBDCUD TD >I UIXVAKT 



t>wMM WFAT Oi(i*« Kbmrtx A ec i— f mi. n-»«3SMl. JT^ *ZBlS7tJ 
(AJINOMOrO TO « MMt* 1«M (M.(U.M) 



ta* A«at lutt the kaowB 'A* pab4ic»ti«» knrd pwat Cumly tnemben rdatini to the p«tem tecttmcnu 
eilrd ia tte i ^^t -n en ooned iotefnuiooal Much irfwrt. Tite AuttnUw ^Uent Oflicc i« ia no wiy U«bie 
fof th« p«twa»n wtikii »ne merdy fr« *w the porptm of 



AO im7/Tt 



CA IWJMO 
wo ItAJOTI 



3K»04 US 4tfHH 



F«H PCTAlA/3t« (• 



7W5039. ;<;Un-X • ^>yx 
>> • 7^-^— 111 
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I 








II 

n-i 

1 1-2 

n-4ja 
ll-4en 
Il-5ja 

II-5en 

Ii-6 

n-7 


$> ■So 
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=1. 75-7;*. hT'h>?J^. =i-t-toJ:D!a3Ti&^^Bfe*»J^0«*?'*"*=-t 



TiDJ5^ P p o«sc^^Kr cnii^sfeSfc^** «^ P P a#si**i&TSti:a^m 

t-?— ^<Oi^f*Ut^)Sf$l^*it^r. DNA«JS«5(0«(«5ttfv®«Xt4, DNA 
4tJfi^^^f^^T^tJ/<?-y^U'>A CAff r o b a c t o r i urn) K^^W^ 



^■<^> 7 ^ ;* > ^ :t t^P N A •/ a - r*a«ft t 

^u--//<-f >PPOE?iJ^&^UTv c<^»i*^KT-*flfe<o«;^e►»*J:•?tcPC 
«E«&PPO;J'>^<^r|ffi)fl|^^:r'J^itr<H«:^^c:t**)eDe.n-C;0*J. 

c D N A * /ili'i''/ A ^ W y^ U - ; CJf 

»HU7'^.y-;l'st**-V^^— (PPO> fi§(*feifeWi*"*»i4U^y^KO«&^* 



P CR^-H-^C^-C, P P 03»(£:^«-at;DN Ag£?t]*fctt^-07^*^/ ^ >^ 

;t u =/'3t ? K-z^-f "T-ti. p p o ^ >f<9%±.tKim^-t(\kmL\m^ 

«[«!iaiA^^*«*nyimRNA : 

m R N A ^mmmm^ xtsy^t^^-Tf-i-^- -^ms. x.xn-m c d n a 

^ . r K -> A P P 0«e^Ryit:^»-:f < Cl & ^('e ft 



at*c-p;? - •>* X :^ h tc ^ ^ -c w^fcii'-s c: t*ttf fe «[WP4(*H<a>fl{r* o 

APIQAPDI SKCGTATVPDGVTP 

*w^«i?irft9fciWs;Rs-^ft^©p po>' wf^^irs-ffiKt-r** 
y 5 -zr / <oai<t) jj? y 7 * / - V j^—tf © B p o 1 if o " J: cr 

iPlllt^ V/ ^ If ^y,/^ %mM-> # V / ^ -^j»«SJ6:ii Jt , r c D N A ti«*R % 
'J V^RI^P P O «r 3- K-r S ? o - P S K 7 *J itf P S R 8 OjfcWt* Jitf 



It £ © tcffl I, ^fc G E N 4 r 7 ^ - (i!3^S*Sft* jjsto 

^►^ili t ^ - * > h T?Bj?gr^b-t « c t ft yto ffiwttKO WEjflwm 

,*:t;imM5?f-;*-H>^ h-n^^itra^-fcZ SmMM i^«t:M*')'>A> pH7. 2 

5 0ml*m/i:^ 2 Oi>f!S-r h Lfc^ft^ 1 5, 0 0 0 x sr 

pH«-7. 0;cjR«¥l,A:l^> 5, D 0 0 x « I 5 OTia'C^5>^^t U fc* 

Lytgt. *fl*15, 0 OOx ff-i?3 0^IS}«'^^»t^* ^Pi'h^'v IDm 



yX"y^O/<v. pH7. 5 C^<*:7r-A) r^iitjftH^lll O0ml-CW«« 

2. 5 xl 0 cai*^A«C«Ea£6m i/^rA*lfc»> *^A*/<y7 7-A4 
O0ml-r«fe*tfco PPO*'<v7r*'A«ti(!>0-'5 OOmM NaClffl^? 

X35 cm^^AdMSSl. 5ml/^^TE?^jttUAu 7 r - B t 2 

Dm I Tifel^tfttft^ PPO«-l OO-OW'^y^r-BOS^tR-Cj^frKlUfc, *g 
iSfeffi^^^iCiStar?:!^ (Ami con) FM I 0Kn»«IBU:-l?«l8U/i«v 

PPO«'/<-y7T-C4)O~5OOmM';>8!fe?Vy*>A<O<S0iETfi6Fllt 

CtQJUlPOttM, 1 8 0fiS*c^i|«2LfiPPO*tt««^*iJB.-:j||IKPpO^'>/<? 
«3. 5m«*^tfco ««^ieJlT(cJgiK)f-5o 

















Cme) 




CU/mg) 








19, 360 


7, 040 


0.4 


100 


I 


CTABft&ffJfe 


961) 


2,070 


I A 


29 


6 




600 


1. 760 




25 


8 




130 


1,520 




22 


33 




to. 8 


4QQ 


37 


6 


103 




3.5 


230 


«5 


3 


180 



mm. 

Vm??09 l^i^9%1(^nmz^^ 2SimiAVmnTy^~*?U^ pH7. 6 
^sp^^Fiffc-t^rf'^ #'XG2 5©2. 5x20 c m;«) ^JUI=fc^>T«£*ftS m 

AP I QAPD i SKCGTATVPDGVTP 

i)^^r> (He a 9 i a n) 4s«kOf^-?-> CK r ak e) CD 

Lfc**-*-c. ^RNA«^x;^^■^7^K'>J^^*>^l^1^^L.)to ^RNA-txaffi^* 

s*-'J rf-dTX^^^-Z^^A i7r^'^>r •x^l/^T'f f- •/■^'f*^^?/Oi^"- 
CPharl^ac^a LKB B i o t e c hno 1 ogy) ) lw«1-c:it:i 
icoT-i*"; (A) ■^l:i«6'RNAeS^>«:*$fco 



»-<@cDNA*. 5 0mMhUX-HC I pHS. 3^25niM KC U 
JOmM MgCIg^ 4mM DTTs tmM NaPPK ImM dNT 

Pb. •;4f3t^>T— tfiBifiPJi u, :rK'>msisEeo*'> (A) *^tcit<;RNA 1. 

4f(e. AMVaeK^WjK Croy/f . CPromesa Corp)) 

2 1 U*Jj:tF^^-<^»; KdTl 7-7^^r>~-r5'fv- 

(5' -GAaocAGTCCAaTTOArrTTi-i'ivi'i n 1 If 1 1) 
^^^tTE <1 OntMh';x-HC 1 pH8, 0^ ImM EDTA)'C80 

3 2 ^-4- >; ^^ u^f- K^f 

(5' -XJATICAGffClCCICATATUCIAAGTGTCG) 

ttM:/K'>p po<!)N3^>:^'"!i'Wie^j <r ^ /afca*-! 2) (c^funa: 
y VV*MV^fcc cn*;j;«<oje«L.fc**; K^^-f ^-^SB 

^ry^-f K^/^-f ?^'>Xf^AX (Applied BiOftyatems)D 
NA&S!5«|-e&J^t/=«, 

cDKA^^ VP-^;' CF r ohman) (2) 0?5r)afIc:*:JC6t?*- t/£/>f-5 
T, lOmMhyx-HCl C25'C'epH9, 0> ^ SOmM KC U 1. 
5mM MsClg> 0. 2mM dNTPs> 0. 0 1 Jtf-tf^f- V (w/v) ^ 
0, l«h'J t-^-X-lOO, 365?Ufc»-«cDNARfe;^ffi^'ej&;tI. Ta 
q DNATt?';/-?-- fcT (yoy^* j-r) I. 25U, lOOnMT^^:^* 

(5' -OACrCGACTCGACATCG) 
teAa' l N?fe«li:^'7-<-r- (J:te(-I5tt«» <:^tr»rjeffi^5 0 w I 4^ 

•m^mtom^^ 6 5rtrii)!85<or^-'j>^s 7 2'c«'^?2^fai(-*?fc*x 



tzU 'e-Lt2«Jt V-y (Nu sieve) GTGT#u-X CrMC/<^;*' 
o^^-y (Bloprodvcl»)> V/UJtTe4}8tiUfeo t700bp7-^i)' 
y > h«r^;i'3trv&iti«LB,o7';i/";^ ? y y h s K '^^5' ? - C;^ h 9 > 
« ^fD— x.::/?'''' i/xxAX (Stratagen* Cloning 
Sy « t emft) ) t nc I I SKfiCKiSlgra^^fc* aflSl./:DNA*>:WaB 

mm. 

±lficDl 7 0 Ob p?D"'>ryo-y$*i:fey K'?mRKA<Dy--»Ky7^a 
-y h(;J;»)> tt^^a-->i;/>-fy<; y KJIgfiSLfc2 2 0 0 b p<t>te:g:^*<mSUaf 

J' a V^is 5 y ^ -< A j^ifto jh«f£tc: je(£»agWlf «E t jfc Z i Lfc^ 
CPOl mRNA©5' ^feSSl^^T"^ S c D N A if n - > C«fe)^(»h^>Vv 

tvy:;T>f-te>X:?'^'f ^-*m«-'Xy K*>m3IRNA*x(i»itt*idF-ti:fr., »-« 

(5' -AATCTTTCTGGTCAaGGCC) 
*K*«;tTv ■/K'^mi^^'Hy (A) ■^(C*CRNA*^€,^flRLfc«» Stea^ 
e5«0. t xTET?2m 1 *-C#&f5tmo-tr > h U =t V CC e n t r Icon) 
ZOy,\z>y^/\^^'- <T J^^'-n-y) (wj:->t:4 0 00gr20^Rgj«<C* 



»^¥7-501886 (7) 

5 OO^t 1 *T?*Sf?SnfccDNA 1 1. BflU B x f^- >4^/<* 7 t - 
C:^o/>tf . a-:/) 4jK ATP (ImM) 4 i fc^tf^-S ^vt-d 

S-^/Ud h^>3;7:».^>-'tric-l;^TcDNA«l©3' 3^tw*|^gFnfc« 4(V 
(dA) ^f^i*eDNAOPCR*ill|{*^ 1 OmM h ^T^-HC 1 (2 S^O-C 
0H9. 0) . 5 0mM KC U 1, 5mM MgC I 0. 2mM dN 
TP 8^ 0. 0 IW-tf^^V <w/v) ,0, IWby h>'X'-100, 
fcm-(KcDNA)^«;«^'8l5w K Tag DN A*ff >; / 5^-- fef (T'l?/^' 

*jj;t;> N5fe«y5>fT-«S^fig«Ot<*Ti(rt<»ffi« (3 7 4-3 9 3 IV I i 
S n 9 0 0 n M GP011*|eeqr^'<'7-2 

CS' -ACCATCACfGCACCGTGGCGG) 

j:OfT a-cs^ma 6■t^^' ^'jP3E*feLfc* f»fe*t(t4 30b py^trj^ h«- 
N A J" D - >*tG poimRNA<os' im^'^isz. tmm.^^ti.^ 

3^g?ai<^PPO«ecy<&^i3"^>r 

»*^&J^JI8L^:o ifcRNA*m)?B£D?*-'Jzf-dTX/^':^*5A C^t-^v'T 
• LKB -''«'<:f7^?>'aj^-) IliSf wit::J;-:»X*-t!»J <A) '*'i=«6''RNA 

J«— «StDNA«> &OmMh'J:^-HCl pH8. 3^25mM KCI^ 
lOniM MeCIg- 4mM DTT, ImM NaPPl^ ImM dNT 

';^5^^^^7•-tf)B»^J^U, V^-ry^O^HU (A) "^lc:*aRNA3. 
1MB. AMVjSftK:?p?R C:foy^.3-y) 2 1 UtJ y Kd T 



t 7-T^^y^f-y-5-<-7- 

CS' -CACTCGAGTCCACATCCArri'ri'i'niTriTnTT) 

0. 8 1 ff*«t;KJC?^^4ajt*»(cfei,^r4 2T:Tri^fl^^6feLfc. te. 

«^-«-TE (1 OmMh yj^-HC 1 pHg. 0^1mM EDTA)T8 
4 0 4* LMo- 2 0*0 W«LA;,> 

2 B-v-tJ-U sTji if K^?^-?- CB 1 5) 

(5* -CCCCATCCn [a3TACCT]CA [CTDCA [CA] AA [CT] AA) 
yK'?PPO<0K?iJt-«^tx-c|®;tfLfcp 
cDNA^, Ttcffd'jtcfi^a-Ty (2) ©i^^lz: Ufc;fr<cT* a OmMh'J 
;^-HCi C2$rT?pH9. 0> > 50mM KCU 1. 5n)M 
MgC l2-0. 2mM dNTPs. 0. 0 1 M-tf^f* >' Cw/v) ^ 0. 1 
Kh'; hVX-lOOv ^*?Ufc?9-H9StcDNA^Jfe«^^2 0^t U Taq 

C5' -CACrCaACTCCACATCC} 
fe-J:Otl;wM B15y^-f^- QiKtc:|5*fct&) ^^^OKfCzi^^ 1 0 0 j« 1 

«MEt*, 9 4'CTi»nfl©^iiv 3 7%:T2^nB(OT--'J >^^v 7 2t;*-e 
2 ^nn4c*>fc £ 3; o -5 i^r Aiii tr 7 2 -c-e 3 5jiai<o**ft^ 3 1^-1' firtomm-f 

it-nmirfct, i»*S^?#vfcDNA«-:?*>'-Jl'Xif croj^jPATfrnmU. ^$fJ 

■ey^^hstsSJUftfeJCU *LT2K^y— yCTGr^D-X CFMC/<-<?Jr 
o^if-y) >f;^J;t?^»]U:to 7 0 0 b p 7^ir^ > hJfc-r^Piiv&mdflLB^r 
A.-;5t.? yy h SK'*'^*';^- h^^^^^f-V* ^ro-^>^* £-;^t-AjO 
O E c o R V^fflC^atlS* -a-y^o asm t y:: X> N A «-;A;»WD H 5 tt'tcaf:A t^S:,. 

iaffs*i^o->«-, rK"5'PP0i'o-> (gpod (C^j&WttflHft^^/^ ;^ 



<; p p oafey<^ j^_p-^>^ 

mife*^?>t^*lt.L.y;:o (A) "^tzWt^RNAaS^U, »«U AT ^mRN 

Jd-ftScDNA^^ 50mMhV;^-HCI pH8. 3* 25mM KCU 
lOmM MffCIg^4mM DTT. ImM t^^PPi-,imM dNT 

Fs^ t'T— i^(!a»3fi4 ou^ »;>=r©pK'; (a> '*'/=mt?RNAi ^tt 

AMViaig:9ffii3B (yojt^ . zi-y) 24U*iJ:i://wytJ'y KdT17 

(5' -CAC^CGAGTCCAaTCGATTTnTrrrmTTTrT) 
0, 5 4 iti««^t;K(fi;«^fe2 5 m ^t*^^^feV,^T4 2t;ri^frpB^)s!tu^ ifc 
i^I&iSfe^^TE (1 OmMh'/X-HC I pHB. 0> ImM EDT 

2S^-*';^^?U:<^5f^K'/7'f-7- (GEN4) 
<5'-COGAAnCCACAG3CAaC]ATGGGIAA[TC}Tr[TC]TA) 
y K-^PPOCDRyiilcS-TfUTftiJtUteo 

X-HC i (2 S^CT'pHS. 0) > S.QmM KC U Jt, SmM 
MgClg,^ 0, 2mM dNTPs^ 0. 0 1 (wZ-y) s 0, I 

9« e'J h^X*- 1 OOx 1ft*i;i.fc3B-Hlicl3NASl«^®^^2 0/» K Taq 
DNA>t?yy^--tf (^D/jy- 3--/) 2. 5U. 1 00nM7^r>r^-:/5 

<5' -CACTCGAGTCGACATCG) 

Jt*i|C*jVvr^U;<(^— tf^S«SmJt; (PGR) tcJi^T^tta^iffco 

t|>«S(*. 9 4T:tMJ>WI©3C(S, 3 7T;T2^f«®r:^-y 7 2^*^ 
2 ^l«Hs*5te « X o " 5 V:P^*J<fc 0= 7 2 ICtr 3 ^}flSc!?f*R^ 3 "t^'-r ^ i\^<ommT 
P^r^Air^Str^T. 94X;t5>ftt). 5 5X;i5>niI*5*tf7 2^3:»I8I^2 5i^'<' 



X) ©EcoRVftlCilcail^fiFi*:^:, iifeLfcDN At:M»eDH 5*{c»At 

o^if^'y <Lo «ema nn) ^ (4) c!>»!^tcL.fcA<-5 ^RNA*?ie 
mif-^^-f^mmii-hmmLizo CA) "^ItKtfRNAiEr^fis ^'/AT*- 

JR-ttcDNA^t^ 50mMhiJx-HCl pHS. 3^25mM KC U 
lOmM MgCig-^mM DTT, ImM NaPPf.lmW dNT 

(5' -GAaCGAGTCCACATCGA'n'niTniTni-lTTT) 

Ci OmM h 'iX-HC 1 pH8. Os ImM BDT 
A> 2 5 i *T?*(t«f?LH^-2 OTCTIt?lttUfio 

mi'.iS -GCGAAntTTCTC] [TCniCCimTCjafTC3 CACJC) 
GE»i7:(5' -CCGAATTCAACTCJCTIGA[TC3UC3GIATGTCG) 



5f^^7-501686 (8) 

-HC i (SgrrpHS. 0) V 6 0mM KC U 1. SmM MgC J 
0. 2mM dNTPs. 0. 0 13W-e^f'> <v/v) ^ 0. lWhMh>X 

<i-^u/if*z3^-f) 2. 5U> 1 OOnMT^-r^-y^-ftr- 
CB' -GACTCOACTCaACAKC) 

fe-tcrx juM GENT*^^*^". cj:ff0(=82«<^» ^^t^^mm^mi 0 0 U 1 
^'J^^aLfc,► ^tl«^**^fcD^fA^7xy-,l^/>t^D=^A^A^?ttt^^u 

o^fpy) Y^l-JzVSi^mVt:^ i B 0 0 h pi&XV^lO 0 Oh pOy^^f/ y h 

«(DH54JtE*»AU^:, tB^**:;!' o U> UTS flllK«>^ o-^ > 
SRP3 2^ P SRP3 afe^CTp SRP7 2i:f*Pi"i) tiWtttmoi**':*-^ 

t^r>*i':tf-<*«ISRNA;*-e>WS^^-tfteo »— WcDNA*^ iieic:»ettC!>iB 

t)t?*^d^>'>'f :rt; V KdTi 7 -r^^rj^^-^^-r V"^Dft!b^^fc, p srp 
+ ^-r p p o^l^«f9:f 5 V" X 

-SAOGCTACATTACTOTTAAAT) 
^KS^Th CJi-itf^/etftSKO^t'; (A) "^ft«t;RNAjJ-^.^idEtfc* KJt^ 



'f'sr-Jfclft^L^io COXffiJS:»i^U •eLTm®-S-S?***^x xtf-KVa c 

4AiU ATP ClmM) 4 u I ^ ^^A-d^^ V?^?*^^'*^ 

X7^^— fert;:iL^-CcDNAift®3' 5RJS(;:*6&S Hfco CdA) 

if cDNA<t>PCRitf^i(*> lOmMf-UX-HC J <26-CTPpH9. 0> ^ 

SOmM KCK 1. 6mM MgCIg, 0. 2mM dNTP»^ 0. 0 
IJWtf?^:^ Cw/v) , 0. 1Mb'; h>X-100> #|RL.fc»"«cDN 

AK«:iiS*tr5*e K Ta Q PNAjH 'J / C^o y :V • P-:/) 1, 2 

5U. 2 0 0nM/W^'; V KdT17-T^^::f^'-•r^'f•^^-*^4;tf^ pSR 
P3 2i3J;tfpSRP3 3©5' 5^**©rS{E® Z 3 3'-2 S 4 

(S* -TGCTCATCAACTOGAGTTCAG) 

,J:C^7 2t;3^M*2 51*-'<^;l-Se*6stfc« Iie-*vfc79^</ ^' h*rib-x^' 

P 3 2 ? - > t«»T#- «ii^'J<?>T3^.{SI«^^tf t f?> C«>cDNA* 

mm 
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PICURE 1 



10 20 30 40 50 60 



70 



»0 90 100 110 120 

I I t I I I 

ACCeCCATCeCCAACACCACCAACA1^CAGCCr^CCa^CCTTCTCCCTT<3TTrCAAACC 
TAIAKTTHlS AFPPBPtFQB 

130 140 150 l«o 170 leO 

GCrTCTCATCTecCCCTACCCACAAAceCJACCCGCXOXTTTCCTCCTAaTI^ 
ASHVPV\RHRSItSPAPSKV8 



340 



190 IKOO 210 320 230 

I i i I I . 

T0CAATTcrOCfiAAT<J<STCATCCCAACrrCXWAXTCTACCTCCCACC!rrCGACAAXCrtroCC 
CKSAHCDPNSDSTSDVKEtS 

250 260 270 280 290 300 

tC»<iKH;AAcrrAOATAGGAcbAATGTetrrTCTTOOCATAGaACGGCr5TATG 
9GKL DKRHVLLGXGGI/YaAA 



310 



350 



3£0 



3ZQ 330 340 

CGCGGTeTci«COCCACTAACCCATTACCtnWCGGGCrcCCATCCAGCCAC<re 
CC I^GAT KPLAFCAI'ltlAI'D'l 



370 



390 



4 00 



420 



410 

TCCAACSTGW^GT ACCSCCAt^CGTGCC TGA^GOlTOTAACOCCCACAAATTO 
« KCOTA T VPOGVTPTMCCPP 

430 440 450 460 470 490 

t t I } { I 

fyrta.eq ^ fVfff^GATTA T'AGATTTgCACCTACCTrCCTeXCCTTgeejeATQgCTAgg^ 



F^¥7-5016B6 (9) 



490 SOO SIO 520 330 540 

i j 1 1 I ; 

CCy^CCTGCTC^ClrrGGtCAGCAAACAGtAcrtACCCAAGTATAAAAACGCCATTCAGCTG 
PAAHl'VSlCeVLAKyKKAI ti h 



560 5tO 



600 

I 



CAGAAACCTCnTCCroATCATGATCCCCaTAGTTTCAAGCAAaiGCCTAATt^ 
QKALPDPOPRSrKQQAHVKC 



«S0 



61P 620 «4Q 650 

! I I ! i ; 

ACCTATTCCCAAGCGGCTt'ATGATCAGGTTGGGTATACCaACCTAGAACTcCAOCrrCAT 
TyCftGAVDQVGVTDLELQVH 



670 



680 690 



700 



710 720 

I I i ! I I 

CCX^CATGCCrrTTCCTCCOTTTCCACCGTrACTATCTCTACTi^C^ 
ASHLrLPPttRYVX^VrMKRIL 



730 

t 



750 760 



GCAAACTTOATCGACOATCCCACeiTCGCTrTGCCCTATXGGGClTOGOATAACCCTGAT 
AKtilDDPTrAI/P YWAWDKFO 

790 900 glO 830 830 MO 

I j I I j j 

CCCATCTATATGCCCACCATCTATGCtAGTTCCCCATCAtl'cACTCTA CGACOAG^ 
G« y «PTI VASS PSS LY DE KR 

05O 860 «70 «BO 890 900 

I 1 1 f I I 

AACCCCAAOCACCrrCCCrCCGACTCTGATCCATCrCGACTACGA'tWCACCGAACXJ^ 
HA KHLPPTVI DLDYDQ TEPT 

9XQ 920 930 940 990 9«0 

I I ( > J J 

ATCCCTOATCACCAACTAAjUACCMACAATCTGOCAATCaVTOTACaU^ 
X PDDeX.KTDHI/Al>iyiCQIVS 

970 9»0 990 1000 1010 1020 

] i Jilt 

GGTGCCACCXCTCCTAAOCTTTTCCTrGCTTACCCATACCCCGCCCOCCATGCGATTGAC 
CXTTPKI^Fl^GYPyRAODAXP 



1030 104O 1050 1060 1070 1080 

I I I ' ' ' 

CCTCGAGCCGCTACCCTTGAGCACGCCCCACATAATATAGTCCACAAATCGACTGGTCTT* 
PC A O T L E H A P B K 1 V H KWTG L 



1570 15B0 1S90 1600 1610 1620 

GGAATACAGCrAGATAGAGAGAATTrcaTGAAGTrrGATGTCTACATCAA'cCACGAAGAT' 
C I EL OREKrVKFDVVXHD ED 



— A^vv JL^JV Jll*U 

I ' 1 \ \ I 

CCTGATAAGCCTAGTGAGGACAl'GGGAAACTTCTA't'ACTOCCGCCAGAGACCCCArATTC 
ADKPSCOKGKFVTACRDpIf 



1630 1640 1650 1660 1670 16B0 

TATTCAGTGACTAGGCCTAAGAATACTGAdTTTGCAGGAACCTTTGTGAACGTACCACAC 
Y S V SR PKM SE TAG S rvH VPH 



1150 1160 1170 lieo 1190 1200 

I t I j I I 

TTCGGTCACWCCCCAATGTCGAlrCGOATCTCGAArATATGGAAAACrrATAGGACGTAAA' 
FGHH AWVUR KWH IKKTIGCK 



1690 1700 1710 1720 1730 1740 

I I j t I I 

aagcatatcaaagaaatcaagacgaacaccaatctgaogttcgcoataaatgagctgtta' 
kbmjcrmktktklr fa l v z u u 



12X0 1220 1230 1240 12S0 1260 

ATAGAAAGGATTT ' f I J { 

MRKD FTDTDW LOATPV PYD B 

12B0 1290 1300 13XO 1320 



1270 



1300 

AACAJ^CAAOTCTTAAACTCAAGGTCTCCCACTGTCTCGACACTTCC^^ 
MKQLVKVKVSOCVDTSKLHY 



1750 1760 1770 I7»0 1790 1800 

I t I ( I I 

CACCACTTCGGACCCGAACATCATCACAGTCTGATCGTGACTATAGTCCCTCGTCCTGGC 
EDtGAEDOESVlVTXVPRAG 

XBIO 1B20 1630 1840 1«&0 1660 

I ! I \ I I 

GGCGATGATCTCACCATTGGTGOAATTGAGATCOAGtTTGTTTCOGATTGATCCCATCrr 
GDDVTIOGIEXBFVSD - 



1330 1340 1350 1360 1370 X3$0 

CAATATCAGCATATTCCrrACTCC^TGGCTACCAAAAAATACCAAGGCCaJ^ 
QYQDipiPHLPKKTK AKAKl' 



1670 1R»P 1890 1900 1910 1920 

I ! I I f { 

TCAATGATTATCC^TrATATGTATOTATCACCTAAGTCACATCTTrATGTGATTAATGGA 



1390 1400 1410 1420 1430 1440 

I ' ' I { ' 

ACCAeCAAAAGTTCCAAGTCGGGAGTAGCGAAAGCGQCCCAACTCCCAAACACGACGATc' 
TTKSSKSGVAKAAEI^P KTTI 

1460 1470 1480 1490 1500 



1450 



1490 

AGCa.CCATCGGAGACXTCCC*AAAGCTCTTAACTCACTGATAAGAGTAOJ^GTrc 
SSICt>rpK;^I,HSVIRVEVPS 



X930 X940 1950 I960 1970 1980 

AAATCTGAGACTTCTCTGTACTrrccCGTCAACTCTrTTATTAA^^ 



1990 
1 

AAAAAAAAAA 



X510 1520 1S30 1540 X550 1560 

j j I j j I 

ccaaagaaatcaagaagcaacaaccagaaacacgatcaocaagacgtcttactcataaaa' 

PKKSrs KKEKEDEEEVI.1.IK 



so 

i 



70 80 flO 100 no 120 

; I I t I I 

AWiCTACCTTAXCCTTATCAAAATGTTCCaVTTCCATCttCAAAATCCTAAACCTCTCCCA 

130 X40 3.50 H50 170 180 

CCAA<!AACAAAACTACCAAW^TTCGTG(SAACTa*0ACGTTAATOATGGAAA'cnTAAG^^ 
RRTKVP1tI.VEVEVKDGNX.RK 

1»0 200 aiO 220 230 ^40 

TCACCCACTATCnrrAAAACITrCGACAACAGAGTCCAACAAAATACGTTACWtTr 
St»tll.KVRQQSI>RKyVTPI^L 

aSO 2*0 270 280 890 300 

GTTtTGAATAATACAGTGAGTCCTATTOTOAAGACGCCAAAGAAATCAAOGAGCAAGAAA 
VLHHTVSA IVKRPKICJSRSKK 



^^^7-501686 (10) 



430 440 450 460 470 480 

GAGTTTOCnPOOAAOCTTTaTGAATGTCCC^CATTCCTCACATGCAeACAGTAAC^ 
E FAGS rvHVPHSSH GKSNK X 



520 



530 



540 



490 600 510 

ATTACTXGTTTAAGAtnTCGTATAACTGATTTGWCGAACAT^ 
ITCLRLGlT DLI-EDLDVfiG D 



5»0 



600 



550 B6P 570 580 

CATAATATTGTGCTTACATTGGTTCCAAAATGTCOCAATG6ACAAGTCAAIM.TCAATAAC 
PII3VVTI.VPKCGN6QVK IHK 

«10 620 630 640 «SO 660 

CTCGACATAGTOTTTOAAGATTGAAAATrrCTACCACTTrGTrATCCykCCfiTC^ 
VEIVPED- 



670 68 0 69Q 

i t > 

ACCCACTrWAGAGGTACATTTTATCrrrm' 



310 320 330 3^40 350 360 

CAOAAGGAAGAAGAGGAAGACGTTTT'AGTGArtGACGCGATTGAGTTTGATATGAATATA 



370 



380 390 400 410 420 

GCCATTAAG^TTGATGrrTATATTAATGATCAACAO'OCTAAGCTrGGGCckGCGAATACT 
A I K t P V Y Z N P E D A KV G P C H T 



PIGORE 3 



10 20 30 40 50 60 

I t i I I I 

C^nnftC A^KseCQAACTTrrA CTCCCCCCCTCCGCATCCCCTgTTTTACGCCCACCATTGC 
£^0 K G N F V S AGRD PL EVAKHC 



60 



100 



110 120 

AACGTGGACCGCATGTCGAACGTTrCGAAAACceTCCGAGCCAAGCCCAACGACCCCACC 

hvobhwhv« kti.gci:rkop» 



130 140 150 160 170 180 

I I I I ! I 

GACACCGATTCGCTTCACGCrCAGTrTCTGTTCtrACGATCAAAACCCCCA«CTTCTCAOC 
t>TDWLDA ErtryD EHAELVS 

190 200 

TCTAAAGWCGCGACAGCCTCAAC 
qKVRDSLH 



10 20 30 40 SO 60 

CAC CAyATgGgOAA?rr7rrTA CTCTGCGGgGAGGGATCCG 
EDWGKrYSAGftD PLPV ttKHS 

70 SO 90 100 110 120 

AACGTGGACCCCATCTCCTCrrATATATAAACATAACTTaGGACG'rACCGACATACAAAAA 
NVPRHWSIVKPKLGGTDIEK 

130 1*0 150 160 170 

I I ( ( I 

TACCGACTCCTGGACOCJ^GAGTrCTTATTCTACGACOiAGAACAAaAATCrrCGTGC 
VRJ^LOAEPLPYDENK HLR 



P r H 



i I I I I 

ATGCTACTlXJtACTTCCACGAGAOAATCGTCCQAAAATTCATT 
"YLVrHERIVOKFI- 



70 60 9Q 100 110 lao 

CATGATCCAACTrrCGCrrTACCArATTGOAATTOGOACCJlTCCAAAAGGT^^ 
DOpT FALPVWWW PHPKGHftP 

130 140 IJSD 160 170 160 

CCTOCCXTCTA5«ATC(n'CAAGTOACTTCCCTTTTCCAT0TAACACGTCA 
PA HVDR ECTStfOVTRDQSH 

190 200 »10 520 230 240 

CCAAATGCAGCAOTAATCOATCTTOairTTrTTCGGCAATOAAGTTGAW 
R KC AV I D t. <3 r PGHEV ETTQ L 

350 aao 270 260 290 360 

CAGTTGATCAGCAATAATTTAACACTAATCTACtMTCAAlTaOTAACTAiTGCTCCATci 
0LKSKNZ,T1>KV RQNVTHAP C 

310 320 330 340 350 360 

CCTCCOATCTTCTTTCaCGGGCCTTATCATCTCCG^Cl^AACACTOAAci 
f RBrFOCpyDlrCVNTELPCa* 



370 380 390 400 410 420 

A»Ai5AAAACArCCCTCIlCCCTCCrCT^CACAT<WC(?TC3GCTAC!AGTCAGA«CTTC^ 
1 fcHlPHCPVHI ttsatrVRQST 

430 440 450 460 470 460 

TtCCCCAATGGTQCAATAl^AAACCCTGAOAAl'AtfiGGTCATrrTTACTai^ 
LPKCAlSKCtXROWFVSACt, 

490 &00 510 830 630 S40 

OACCCGCTTTt'C'l'ITI'CCCATCAtyiCCAA^C^OCATCCGATGTGGAGCGAA'XGGAAAOCG 
DPVrrCHHfiNV DRMWSBWKA 

550 $A0 570 S60 690 eoo 

ACACCACCOAAAACAACQCATATCACACATAAAGAtl^CTTttAACTgCtti aiTLTJl ' a ' i TC 
TGSKRT OlTHKpWLHSEFrP 

610 620 £30 640 650 660 

TATGATCAAAATGAAAACCCTTACcGl^lAAAAGTCACACACrGTrrCoicACGAACA^ 
VpJTKERPYRVKVRDCl-PTKK 
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6t9 ««0 490 700 710 7*0 

i 1 I I I ( 

ATOCGA7'A<»;XTTKCIUU^CC:M^TTGCCACACCATaaCCrrj)ACrTC»J^ 

730 740 750 740 770 7ft0 

1 i I I 1 I 

CCTTC^CCIfGCWUUiCTGJUlTACawJCTTCIlCTTCCCCCACCTAttCaUiTGTXTTCOT 



?90 



SCO 



830 



830 



940 



810 

1 . tirTCCTWrcc^TCWCTJUwicCfcCTTCCTLu^ 



A K L D K A I 



CTWTCCATCAATMKICCISACTTCCTCAAMA 



CAACAGAAAAArCCACAAa; 
Q £ K H A Q E 



lAGCAOATCrrCACATTCAQxicCATAACfATiTCATAACSAci 



E K L *r r 



960 



»tO »aO 930 MO 

I I I I t «J 

«KarAtu^TAA<wTtw^Tc^?(^IT^'coAA<wMcco^ 

OYlHrDVr&H VDHMVHAKEL 

»70 9B0 «»0 1000 1010 10»0 

I \ t „ I i I 

OACAACtKrcroAGTrroCWCroAOTTATACAASTriWXACATCMTCATAGAfi 
I»KAEFAa»VT »X.I'BVH»Atse 



10«0 



1070 



1000 



3.Q30 1040 1050 

ACTAATCATATCCa?ACT(mW^TrreawcTW^ 
TKHlATVOFQLKlTELLEDt 

1090 1100 1110 1130 

CCTTTCXRWlAATGAACATACrATlXXXWrGACaWXCSTa 
BfceOBDTIAVXrVp -- 

IISO 1160 1170 llOO 1J»0 IJOO 

1 I I I t { 

ATCTCCATrOAAOOTttCOfcCCATCAGTCTTCCatOATI<rn:AATTA<n'CtCTAT^ 
I filEOATISLADC-LVBlES 



1130 1140 
kGAC^tTCaTOAAOai- 



1210 1220 1230 

OCTGACATTACACrrTCATSCATCATCCf 
AEITt-WMHl- 



12S0 12fi0 
t f 

r r r 



1270 IZVO 1290 1300 1310 1320 

ClCTrWUU^.TCAC(?rTTGx4«CTtC3ATirr« 
tJ, KfiAl.LLDrilfVVI0JE-I5 



TAca^ 
V 
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ID 20 30 40 50 60 

y?^CITBCgg yxC C |^ff^;;^SATggTAeTTATACCTeTACOAttACAATAttWKSAA^ 
FLrPFKRHVLVrySRItGKl.X 

70 »0 90 100 110 120 

f \ I I I 1 

CAWAl^eAAtrtTTCGCTTTAOaiTATTWAATTOOOATCATCCAA^ 
DOPTFALPVWHMDKPXOKRL 



130 140 IKD 1«Q 170 1»0 

C«TCCCAT6lTCKATCOTeJlA»SAAeWC7TAWTACOAC«tAAAaOW 
P P KFt»R»C5PjflV (3Blt?ttt(}QV 



1»0 



200 



210 



220 



230 



CCTAAC<?<iAACCCTTAT(;Gi»CTTC(WTCAt-rwa^ 
JtKCTVKDLC fiFe ORVOTTQL 



270 



2SC 



290 



300 



250 2«0 

CAQTTOAl^AaCAATAATTTAACACTAATeTACeXITCAAiTCK^ 
QL KSHHLTtHVUOKVTRAPC 

310 320 330 340 350 3tfO 

1 i t I I f 

CCTCTTTTcrrTC?rTCCCTGCCCerCAWTTC!rT««AA* 
FLLFFOtAFXVfcOHRVeAPOT 



410 



420 



»70 300 3»0 400 

ATTOAAAAclTCCCtCATA4AC«WCCATAMW«OCTCM» 
t % n Z PHirV||JIIAG»VR O»T 

430 440 4^0 460 410 4»0 

TTrCCTAATJ»TGATAe»TCATACO«rOAi5ATATOO«rrAATTTeT^ 
FPHCOTSyGE DHCKPyftAaL 

4»0 

GACCCGGTTTTCTATTi*< 
OPVFltCKH 



ftOO 510 620 

CCACCAawCAAWTOOA* 



.CCCTATCTOOAATQ) 
HV DltKWttK KKA 



530 940 
lAATCOAAOCci 



«00 



TCTols'Wcx'i'C'rrr 



550 5»0 570 

ATA<WAC0TAAOAGAA<KWATTTATCA«AAAAA(!ATT(KrCt«?AACX( 
Xa«KllRDX/8EK&W LNS£FFF 

6X0 620 930 «40 650 «S0 

( ( f I I ! 

yATgATaAAAACAAAAAaceTyACPOTSnEgll>AAOT;cCC^ 
VDEMKKPYRVKVkDC V t> A K K 



$70 6B0 «90 700 710 720 

I ( 1 I I t 

ATeCC(?TAC(?ATTACGCACXyUl!lCCCAACTCCyVTGGCaTAA<rrTCAAACCAAAAACAAAG 
KG VOVAPHPTPWRH FKPKTK 

730 740 750 760 770 7B0 

CCATCAOTAicCAAAGTGAATACAACTACACltlCCCKCAGTiWiACAACGTATTCCCACTC: 
AfSVCKVNTTTLPPVK KVFPt 

7»0 BOO »10 ?aO 830 840 

I f 1 I I I 

ACCAACATCBATAAAPCCAWTPCATrrrCCATCAArAOOCtn'OCrTCATCGCOG 

TKMDKA lSFfi 2 K»PA»BHTQ 

850 860 »70 8B0 190 

CAACAGAAAiATCAACAAGAGaXCATCTTAACCTTCCATAACArAAAATATGATAATACA 
O EKKEQ EEKI.Tr'&KlK YPMJl 

910 920 930 940 95D 960 

CGCTATATAACGTTCGArCTATTTCTOAACXJTOCATAACAATCTW 
CYlRrPVrJ.BV I>)IKVMAKEL 



970 

I 



900 
I 



990 IDOO 1010 103O 

I I \ \ 

OATAAGGCAGAGTTClSCOiKWAGTTATACTAOTTWCCACATCTrCACAaAGTTGCCOAO 
D K A £ F A C fi V TSX-PKV«RVC» 

1030 1040 1050 1060 1070 1080 

AATGATCATicCCCGACTcirACTXTCCAGCIWCGATAACAGAACTC^^ 
KDBTATVTrQt.AITELI.ED I 

1090 1100 1110 1120 1X30 1140 

I I I ( 1 I 

OGTTTGGAACATGAAGAGACTATTaeCCTCACTeTGCTACCAAAC»AACCTCCTCAACWT 
(JLE DEETlAVTl^VrKKCGEC 



1150 



1160 



1170 



1180 



1190 



ATCrrCCATTGAAAATGTCCACATCAACCTTCTCaATTOTTAAGTAeCTTi 



13 OO 
lTTGAAT 



1210 1230 1250 

CTGCTGACATTACAACTTTGATATCTrrrTTAC 



1250 ^ 

ATGTAACTTTrecTC 
P 5 K * I* f X* 



1270 laeo 1290 1300 1310 

TTGAAATlACCtTCATCOTCATITCCrrXTOAGrrCTTATTCACXAATAAAATCA 
X,KSA-CI.IS^E1.1.?THK1 



lO 20 30 40 50 «0 

TTTTTTrTxiTTCAAAAceiAOCAATAATffOCfcACCnTOT^ 

HASLCHSCRTS 

TO BO »0 100 110 120 

ctcjiaaactcctttta c t tct i^ctccacI t ctttaacttcc^ 

l.KTPFTSS6TSl*rSTPKP»Q 

130 140 150 160 170 100 

CTTTTCATCCATOGAAAAMTAACCAAATCrTCAAAOTTTCATGCATGGTTACCAfcTAAT 
D r 1 M O K R H Q H r H V a C K V T H » 



X9Q 200 310 220 230 240 

AACGSTGACCAfcAACCAAAACCITTGAAACGAArTCTaTTGATCOAAG, ... 
KCDQKQ*»V«TKS VD»R,KVL1. 



AGAAATOTTCITCTT 

K V - - 

90 

TCCOC 



256 2 60 270 2K0 290 300 

I I I I t ( 

eeCTTAtWS^aOTCTTTATCCTOTXSCTAATeCTATACeATTACCTCt^TCCOCTAe^^ 
GLCC LV GV AMAI PLA ASATP 

510 320 330 340 350 3*0 

TCTCCACCnrcCTOATCTCTCCirc*rTGTAGTATAaCCAGCAtTAACfflAAACTM 
SPPPOlr^SCSZARIKETHVV 

370 »iO »S»0 400 410 420 

CCflTACAGTTGTTeCGCGCCTAAGCCTGATGATATGGACAAAGTTCC^ATTAtaiACT^ 
p X S CCA PKPODM EK VPy » KF 

430 440 450 460 470 480 

CerrXCTATtJlcTAACCTCCGTCTTCCrCACeCTOCTC^ 
PBKTKI-RVRQPAKVAMEEYI 

490 500 SIO 530 530 540 

CCCJWCTAcJlATrreccCGl^ACCAAOATOAatt<»TCXT0ATAAGACACAA 
AKY»I»AVSKKR»I>DRTOPt.M 

590 560 970 58Q 590 600 

CCTATrCCTiTTAAGCAAciACCTAATATACATrCTGCriATToTAACOG 
pJCFKQClAHI HCAYCHG^irK 

CIO 620 630 MO 650 660 

ATracTttGciAACfflGCTAcjUcTTcATAAirCTTaC Urm ' CUl C^ 
IC03tE LQVHKB Wl,FF PPnRH 



$70 600 «90 700 710 720 

TACmrOTA CrrTCTACG*CAGAATCGTa(MiAiUVrrCa^TTiATOATaCAACTT^ 
yLVrXRRJVOJtriD&ATFAI. 

740 

CCAT 



73C 740 750 76C 770 780 

CCATATTCclATTCQOACCATCCAAAWCTATCCaTTTrCOTGCC^ 

790 ftoo «io aao e3o 940 

tSCGACrrCCCTTTTCeATOTAACACOTOACCAAAOTCACCOAAA*^ 

SffO 000 «70 8»0 »90 

1 ' ( I ^ i 

CTTCOTTXTATcaOCAAT&AACtCXJAAACAACTCAACTa:^ 



^^¥7-501686 (1^) 

mffm mm » r 
pcT/Auga/ooase 

2. 5fel«©«l^ 

3. #I^Ali«RA 

4. m A 

« IS 3270-6641-66 46 
« (2 7 7 0) #Sdt « » ^ H ' 

5. mmm'^miiiB 

5^ 4 a 



6, aSft«R^5g«Sf 

CD nsB.m<&mmc 



3 4&JiiE 

yL.--//<-r > (grapevine) P P Oit&^(*. fitm^ ^^'-f^-M^?) 

*j I. vT X - ::^'<'r p p 0 <^>iE ci c;fe£j»(^^ t'Mo i n ^«>«siR^ 



c^iai«iJ^P-r'<'f >p p 0* y>^^'K^^^Tv^TJ;v>o 

0 N AmmiU 0 3 tr Bii^ L ft: J; -5 ^t. V zfsm P P O « "tf ^ 

RNA«?3- K-^-*BSy'Jt^tfDKAK?"mfct*'t'ffl:?1?#'y > h'feaS^-T'&ft 
P P Om^-^-r * ^>'J^-^^ K«- =t - *i»fjc?*« tr D N A R^fi * )t It 

isoNABayjteJitPfe:/^;!^ i mm^i^ ^-^Bim^Ty BEDNASBJ'iI^ 

PP0^3-KT^&DNA^i(l^ «£aKf4*^«>^«*^/::^ V 7^ 



— 12 — 



«i» p p o m^^mti 'J r ^ K* 3 - K 1 5 y r T'-Mtn n a * t 



^I5¥7-501G86 (13) 

jUftR N A *^aBI^'SXStt^ 
K'K U r JUffcR N A tiKI£3?»3Rte4: P P 04*|8&5 -f -7 -TJfeai U 

'tfZJiL'^tc^flR^nf^cDNA'fc^-iif-jua h5v:?:7?;5— tfrtomu-tv 
d^yr^/v-^ieapseriJtRcrJNAoa' 5te**ft;:iNf^u t ^-lt. 

* (5 4; -5 i;:^* nfc -f* y r Jl'^fc c D N A * P C R J: -5 Ttftt S ^ S C 

»(t.;7f'-:iA'<bRNA*i(5l£^8)S3feT*aai-*'*Xffi«. T' K'ir P P Oi::fl6UT 

5' -AATCTTTGTGGTCf ACrCCCC 

fctittP P 0»ne^:/^-f v-tij?^ *%3£P P Oi^MUTK?') 
S' CACGCTACAITAGTCTTAAAT 

c D N A tt'^xmii. mn 

5' -gACTCCACTCGAaTCCA l I ' ITl U ' l il l Ti ' Il TT 

IE?"! 

5* -ACCATCAGGCAC(?CT(?GC(JG 
i^izXt'J^H^ 't^lg P P 0 icM UTKJRJ 
5' -TGCrCATCAACTCCACnCAff 

:i;*:i6lc D N A <5 ^ o '-=~u^<Otz.ih(K>^'^ x ^ h'»ie-<^ ^ - l*flE«0ai^ 

CB 1 « c 6 e r I p t) SK'*'ti»^'^*.^Ci:At5J)&>^Ti.^&o 



4-<!&Ji'?t-^*n/ccDNA'tx ^Rli. r:<ra-:;^y^J:T?^»'Jt [ 
(Escherichia co ) i> DH Sii^^J-e*.?* w ii^^i**^^ 

**e^© t -5— pointtsicfev^r, «^p p om^^^ri^^'>^-ff- k^^" 
, p p o St* w*- ^ *t? V -/^ 3 - K-r 5 )D N A mf}0±,M<omfm}^ 

r ><> I- ^-at- D N A «S6«J ; J: 1/ 

WED N kmmm'tv^^mw^^KmK [.xmimm Ltzmm^mki-Js* c i ^ 

DNAtHIS^t*. #S!B!lPP0«fc^i;:«-#-«T>K^'fe>;^mRNA*3-Kt 
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y + ;*f>i'J&> ^-'^^s, Jg, T^v/^feJJiOrTVXA^?*^^ 

^ -t^)© ? D - Wfcs nfc^ c i A^^t 

c D N A * y A ^ ^ y ij - ; iEi4:t; 



3f II ^7-501686 (14) 

>K y - d T 7 ^^-T;^ - -f ^- ; *; J;t;t 



tft«[«!tfem* - y > h V : 

i'D^h^^^^-f-^^Art-fe^ro - X36tt -Fife r J: t 3 fllffi^O ^' n ^ 
APlQAPOrSKCGTATVPDOVTP 



Ell : 

h5 hS2^Jfe^iJtfiRMrL'-y^<'< VP PO^ 

3Pt:^*3-K-*'«tII^3fe^ltGP01 cDNA5«^U;i-^KBB?iJ*JJ;CfS|i»^ 



~I4— 



W * «> le BB 

5. «#lPP03tfi&Ttw*t-^*T>f-*r>7>niRWA*=i- KtSR^'J** 
CDNAKyHtfcl*J&<0:79^^/>ho 

6 , to^«Hs^«lI&*eia^t? i ^ «*f i iciBtactJ d n a 

1^ & * ^ (CftfeO mefjK?']* c -t -5 r « ^> *1T V ^ * fft^j^gt 3 tClBft© D N A le 
C/^;r U - y V F P O V :3 " Kf - ^KP'J* ^rt^'Wf^ 3 (cl5 

««oDNAiayfjo 

9. EI2lc|glj55L.fc^^«. 7?-s'/«iJ|©PPO?g(**Wirs»Ki;^:/'P 
a - Kr « I tttewo D N A BSPJ* 

K^$ift^*«t'«^n=«e««>DKAeE^j* 

11, K14i::a^L/cJ::>ACv x + ^-C^^Si^DP P Offi&«:^J■^'*^';'^:/ 
1 2, *64j!lPPOfgt*4:'&^-5't!fJ'<::^f-K«-:3" K-^'-SDNARmfcli^- 



JI^^T-SOlBeB (16) 

© 7 9 / > h *^trtt(ft;t D N A r ^ X 4 K* « j&^tj* t» X. 

13, D N A EyjJ^, |fi1^lEC<54A^ * <X-fc # T X- /WbR N A A* 

ttCfp p om^i:^r^^'}<-/f k*^- k^sih y rr-JWfcRN a** 

16, »t«';T^-;WfcRNA*OT^«X»*^ 

y TT'^MfcR N A J: T i^:^^' - y -c? - r&JS U T 

»-«c DNA^^L t ^E'tr 

^c^-jtvtfee^^ixfccDNA*. *y^9— tfit«[Kfe CPCR) *m^T 

17. TiS^r^":^^'^^"*^ BSfJ 

5' 'GACrCGAfttOCACATCQA li I ' l ' mi 11 1 tl 1 ITl 

13, cDNA«^J1(«iati^*Xffi*<, m 
-aClCGAGTCGACATCC 

19. 5' s^:/^-^^-*^ yK'>cDNA^^>lt♦SflS^wffli^^4^'SJ^g^^cR 

n 



5' -CC1ATICA(XX:ICCICATATI1CIAAGTGTCC ; 
DNA^!)m«iWtc^t,^€,nH&«^|c8£3ffJ 

S' -OCGGATCCTTCCTjTA[CT3GACCr3GAtCA3AACCT]AA ; 
y > c D N A t-m ^ ^ ift^l=:K^i 
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USE OF OVARY-TISSUE TIumSCRXPTlONAIi FACTORS 
CROSS -R EFERENCE TO RELATED APPLTCATIQlffg 

This application is a continuation in part of United 
States application Serial No. 08/487,087 filed June 7, 
1995, which is a continuation-in-part of Application Serial 
No. 998,158 filed December 29, 1992, which is a 
continuation in part of United States application Serial 
No. 554,195 filed July 17, 1990, which is a continuation- 
in-part of United States application Serial No. 382,518, 
filed July 19, 1989, which applications are incorporated 
herein by reference. 

INTRODUCTTON 

Technical F-t^l^ 

This invention relates to methods of using in v^itro 
constructed DNA transcription or e^qpression cassettes 
capable of directing ovary- tissue transcription of a DNA 
sequence of interest in plants to produce ovary-derived 
cells having an altered phenotype, and ftgJ initl^ 

:iiiSi|^i6^^p^is^^ The invention is exemplified hy methods 
of using ovary tissue promoters for altering the color 

^h^n<>t$B^;^^^ 

p^QkqirQ\in<a 

In general, genetic engineering techniques have been 
directed to modifying the phenotype of individual 
prokaryotic and eukaryotic cells, especially in culture. 
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Plant cells have proven more intransigent than other 
eukaryotic cells, due not only to a lack of suitable vector 
systems but also as a result of the different goals 
involved. For many applications, it is desirable to be 
able to control gene expression at a particular stage in 
the growth of a plant or in a particular plant part. For 
this purpose, regulatory sequences are required which 
afford the desired initiation of transcription in the 
appropriate cell types- and/or at the appropriate time in 
the plant's development without having serious detrimental 
effects on plant development and productivity. It is 
therefore of interest to be able to isolate sequences which 
can be used to provide the desired regulation of 
transcription in a plant cell during the growing cycle of 
the host plant. 

One aspect of this interest is the ability to change 
the phenotype of particular cell types, such as 
differentiated epidermal cells that originate in ovary 
tissue, i,e, cotton fiber cells, so as to provide for 
altered or improved aspects of the mature cell type. In 
order to effect the desired phenotypic changes, 
transcription initiation regions capable of initiating 
transcription only in early ovary development are used. 
These transcription initiation regions are active prior to 
the onset of pollination and are less active or inactive, 
before fruit enlargement, tissue maturation, or the like 
occur. 
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Relevant Literature 

A class of fruit-specific promoters expressed at or 
during anthesis through fruit development, at least until 
the beginning of ripening, is discussed in European 
5 Application 88.906296.4, the disclosure of which is hereby- 
incorporated by reference. cDNA clones that are 
preferentially expressed in cotton fiber have been 
isolated. One of the clones isolated corresponds to mRDTA 
and protein that are highest during the late primary cell 

10 wall and early secondary cell wall synthesis stages . John 
Crow PNAS (1992) 89:5769-5773. cDNA clones from tomato 
displaying differential expression during fruit development 
have been isolated and characterized (Mansson et al,, JMbl. 
Gen. Genet. (1985) 200:356-361: Slater et al.. Plant Mol. 

15 Biol. (1985) 5:137-147) • These studies have focused 

primarily on mRNAs which accumulate during fruit ripening . 
One of the proteins encoded-by the ripening-specific cDNAs 
has been identified as polygalacturonase (Slater et al.y 
Plant Mol. Biol. (1985) 5:137-147). A cDNA clone which 

20 encodes tomato polygalacturonase has been sequenced 

(Grierson et al.. Nucleic Acids Research (1986) 14:8395- 
8603) , Improvements in aspects of tomato fruit storage and 
handling through transcriptional manipulation of expression 
of the polygalacturonase gene have been reported (Sheehy et 

25 al., Proc. Natl. Acad. Sci. USA (1988) 85:8805-8809; Smith 
et al.. Nature (1988) 334: 724-726). 

Mature plastid mRNA for psbA (one of the coinponents of 
photosystem II) reaches its highest level late in fruit 
development, whereas after the onset of ripening, plastid 
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mRNAs for other components of photosystem I and II decline 
to nondetectable levels in chromoplasts (Piechulla et al.. 
Plant Molec. Biol. 11986) 7:367-376). Recently, cDNA 
clones representing genes apparently involved in tomato 
5 pollen (Mccormick et al.. Tomato Biotechnology (1987) Alan 
R. Liss, 

Inc., NY) and pistil (Gasser et ai.. Plant Cell 
(1989), l:15--24) interactions have also been isolated and 
characterized, 

10 Other studies have focused on genes inducibly 

regulated, e.g, genes encoding serine proteinase 
inhibitors, which are expressed in response to wounding in 
tomato (Graham et al., J. Biol. Chem. (1985) 260:6555-6560: 
Graham et al., J, Biol. Chem. (1985) 260:6561-^6554) and on 
15 mRNAs correlated with ethylene synthesis in ripening fruit 
and leaves after wounding (Smith et al., Planta. (1986) 168: 
94-100) . Acciimulation of a metallocarboxypeptidase 
inhibitor protein has been reported in leaves of wounded 
potato plants (Graham et al., Biochem & BxoPhys. Res Comm. 
20 (1981) 101: 1164-1170) . 

Genes which are expressed preferentially in plant seed 
tissues, such as in embryos or seed coats, have also been 
reported. See, for example, European Patent Application 
87306739,1 (pxiblished as 0 255 378 on February 3, 1988) and 
25 Kridl et al. (Seed Science Research (1991) 1:209-219). 

Agrobacterium-^mediated cotton transformation is 
described in Umbeck, United States Patents Nos. 5,004,863 
and 5,159,135 and cotton transformation by particle 
bombardment is reported in WO 92/15675, published September 



4 



wo 96/40951 PCT/US96/09911 

11, 1992. Transformation of Brassiaa has been described by 
Radke et al. (Theor. Appl, Genet, (1988) 75;685~694; Plant 
Cell Reports (1992) 11:499-505. 

Transformation of cultivated tomato is described by 
5 Mccormick efc a.1. , Plant Cell Reports (1986) 5:81-89 and 
Fillatti efc al.. Bio /Technology (1987) 5:726-730. 

SUMMARY OF THE XNVEWTIOIT 

Novel DNA constructs and methods for their use are 

10 described which are capable of directing transcription of a 
gene of interest in ovary tissue, particularly early in 
fruit development. The novel constructs include a vector 
comprising a transcriptional and translational initiation 
region obtainable from a gene expressed in ovary tissue and 

15 methods of using constructs including the vector for 

altering fruit phenotype. The fruit may be edible or non- 
edible. The method includes transfecting a host plant cell 
of interest with a transcription or expression cassette 
comprising a promoter which is active in ovary cells prior 

20 to, and during, the pollination stage of the fruit, then 

generating a plant, which is grown to produce firuit having 
the desired phenotype. Constructs and methods of the 
subject invention thus find use in modulation of endogenous 
fruit products, as well as production of exogenous products 

25 and in modifying the phenotype of fruit and fruit products. 
The constructs also find use as molecular probes* In 
particular, constructs and methods for use in gene 
expression in cotton embryo tissues are considered herein. 
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By these methods, novel cotton plants and cotton plant 
parts, such as modified cotton fibers, may be obtained. 

Also provided in the instant application are 
constructs and methods of ;iig:|r^j|t|i^ 
5 i^|l||fc|||p^ Such constructs contain 

sequences for e^qpression of genes involved in the 
production of colored compoimds, such as melanin or indigo, 
and also contain sequences which provide for targeting of 
the gene products to particular locations in the plant 
10 cell, such as plastid organelles, or vacuoles. Plastid 

targeting is of particular interest for expression of genes 
involved in aromatic amino acid biosynthesis pathways, 
while vacuolar targeting is of particular interest where 
the precursors required in synthesis of the pigment are 
15 present in vacuoles. Production of melanin, for example, 
■may be enhanced by vacuolar targeting in plant tissues 
which accumulate tyrosine in vacuoles. Transcriptional 
initiation regions for expression of color-related genes 
will be selected on the basis of the tissue for which color 
20 modification is desired. 

PE5CRTPT ION OF T HE DRAWIMCS 

Figure 1 shows the DNA sequence of cDNA clone pZ130. 
The sequences corresponding to the pZ7 cDNA clone are 
25 underlined* 

Figure 2 shows the sequence of the region of the 
Calgene Lambda 140 genomic clone that overlaps with the 
p2130 cDNA clone (this region is underlined) and a partial 
sequence of regions 5' and 3* to that region. The start of 
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the pZ130 gene transcript is indicated by the underlined, 
boldfaced "A" at position 2567. An intron in the gene 
sequence is indicated by the lower case sequence from 
position 2702 through position 2921. Sites for common 
5 restriction enzymes are indicated. 

The symbols in the sequence have the following 
meaning : 

A=adenosine; C=cytosine; G-guanine; T=thymidine or 
uracil; R=A or G; Y=C or T or U; M=C or A; K=:T or U or G; 
10 W=T or U or A; S=C or G; lS[=either C, T, A G or U; B=not A; 
D=not C; H=:not G; V=not T or U, 

Figure 3 shows a restriction map of Calgene Lambda 
140. BrBairiHI; QiBglll; KiHindlll; R:EcoRI; SrSaJI, 

Figure 4 shows a complete DtlA sequence of cDNA clone 
15 pZ70. The sequences corresponding to the pZ8 cDNA clone are 
xmderlined. The start and end of the mature protein encoded 
by the pZ70 gene are also indicated. 

Figure S shows a restriction map of Calgene Lambda 
116. BrBainHI; G:BglII, H:HindIII; PzSphI; R:EcoRI; S:SalI; 
20 X:XbaI. 

Figure 6 shows the results of a Northern blot 
experiment illustrating a developmental time course of pZ7 
and pZ8 RNA accumulation. The stages of UC82B fruit 
development (flowers and ovaries /fruit) are depicted above, 
25 Numbers 1 through 21 represent days post flower opening. 

Figure 7 shows a binary vector for plant 
transformation to express genes for melanin synthesis. 

Figure 8 shows a linker region site map. 
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DETAXIiED DESCRIPTIOKT OF THE XMVEKryXON 



In accordance with the subject invention, novel 
constructs and methods for their use are described which 
may be used as molecular probes or inserted into a plant 
5 host to provide for transcription of a nucleotide sequence 
of interest in ovary cells as compared with other plant 
cells, generally preferentially in ovary cells to produce 
cells and plant parts having an altered phenotype* Of 
particular interest is the period of at least one to three 

10 days prior to anthesis through flower senescence. 

The constructs include several forms, depending upon 
the intended use of the construct- Thus, the constructs 
include vectors, transcriptional cassettes, expression 
cassettes and plasmids. The transcriptional and 

15 translational initiation region (also sometimes referred to 
as a "promoter,"), preferably comprises a transcriptional 
initiation regulatory region and a translational initiation 
regulatory region of untranslated 5' sequences, "ribosome 
binding sites," responsible for binding mRNA to ribosomes 

20 and translational initiation. It is preferred that all of 
the transcriptional and translational functional elements 
of the initiation control region are derived from or 
obtainable from the same gene. In some embodiments, the 
promoter will be modified by the addition of sequences, 

25 such as enhancers, or deletions of nonessential and/or 

undesired sequences. By "obtainable" is intended a promoter 
having a DNA sequence sufficiently similar to that of a 
native promoter to provide for the desired specificity of 
transcription of a DNA sequence of interest. It includes 
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natural and synthetic sequences as well as sequences which 
may be a combination of synthetic and natural sequences . 

The vectors typically comprise a nucleotide sequence 
of one or more nucleotides and a transcriptional initiation 
5 regulatory region associated with gene expression in ovary 
tissue. A transcriptional cassette for transcription of a 
nucleotide sequence of interest in ovary tissue will 
include in the direction of transcription, an ovary tissue 
transcriptional initiation region and optionally a 

10 translational initiation region, a DNA sequence of 
interest, and a transcriptional and optionally 
translational teinnination region functional in a plant 
cell, Vftien the cassette provides for the transcription and 
translation of a DNA sequence of interest it is considered 

15 an expression cassette. One or more introns may be also be 
present. 

Other sequences may also be present, including those 
encoding transit peptides and secretory leader sequences as 
desired • The regulatory regions are capable of directing 

20 transcription in ovary cells from anthesis through 

flowering but direct little or no expression after the 
initial changes which occur at the time surrounding 
pollination and/or fertilization; transcription from these 
regulatory regions is not detectable at about three weeks 

25 after anthesis. Further, ovary-tissue transcription 

initiation regions of this invention are typically not 
readily detectable in other plant tissues. Transcription 
initiation regions from ovary tissue that are not ovary 
specific may find special application. Especially preferred 
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are transcription initiation regions which are not found at 
stages of fruit development other than pre~anthesis through 
flowering. Transcription initiation regions capable of 
initiating transcription in other plant tissues and/or at 
5 other stages of ovary development/ in addition to the 

foregoing, are acceptable insofar as such regions provide a 
significant expression level in ovary tissue at the defined 
periods of interest and do not negatively interfere with 
the plant as a whole/ and, in particular, do not interfere 

10 with the development of fruit and/or fruit-related parts . 

Also of interest are ovary tissue promoters and/or promoter 
elements which are capable of directing transcription in 
specific ovary tissues such as outer pericarp tissue, inner 
core tissues, integuments, and the like. 

15 Transcriptional initiation regions which are 

expressible in ovairy tissue at or near inaximal levels 
during the period of interest of this invention, generally 
the flowering period of plant reproductive cycles, are 
preferred • Of particular interest is the period of at least 

20 one to three days prior to anthesis through flower 

senescence. The transcription level should be sufficient to 
provide an amoxint of RNA capable of resulting in a modified 
fruit. The term "fruit" as used herein refers to the mature 
organ formed as the result of the development of the ovary 

25 wall of a flower and any other closely associated parts. 
See Weirer, T.E,, 1, ed,, Botany A Incroduction to Plant 
Biology {6th ed,) (John Wiley & Sons, 1982); Tootill & 
Backmore, The Facts on File Dictionary of Botany (Market 
Home Books Ltd., 1984), By "modified fruit" is meant fruit 
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having a detectably different phenotype from a 
nontransfoanicied plant of the same species, for example/ one 
not having the transcriptional cassette in question in its 
genome . 

5 Of particular interest are transcriptional initiation 

regions associated with genes expressed in ovary tissue and 
which are capable of directing treinscription at least 24 
hours prior to anthesis through flower senescence. The term 
"anthesis" refers herein to the period associated with 

10 flower opening and flowering. The term "flower senescence" 
refers herein to the period associated with flower death, 
including the loss of the (flower) petals, etc. 
Abercrombie, ^ efc al - , A Diationary of Biology (6th ed) 
(Penguin Books, 1973) . Unopened flowers, or buds, are 

15 considered "pre-anthesis . " Anthesis begins with the opening 
of the flower petals, which represents asexually receptive 
portion of the reproductive cycle of the plant. Typically, 
flowering lasts approximately one week in the tested UCB82 
tomato variety. In a plant like cotton, flowering lasts 

20 approximately two weeks and the fiber develops from the 

seed coat tissue. It is preferred that the transcriptional 
initiation regions of this invention do not initiate 
transcription for a significant time or to a significant 
degree prior to plant flower budding. Ideally, the level of 

25 transcription will be high for at least approximately one 
to three days and encompass the onset of anthesis ("pre- 
anthesis " ) . 

It further is desired that the transcriptional 
initiation regions of this invention show a decreased level 



11 



wo 96/40951 PCT/US96/09911 

of transcriptional activity within 1-3 days after the onset 
of anthesis which does not increase, and preferably 
decreases over time. Fertilization of a tomato embryo sac, 
to produce the zygote that forms the embryo plant, 
5 typically occurs 2-3 days after flower opening* This 
coincides with a decrease in the activity of a 
transcriptional initiation region of this invention. Thus, 
it is desired that the transcriptional activity of the 
promoter of this invention significantly decrease within 
10 about two days after the onset of anthesis. Transcriptional 
initiation regions of this invention will be capable of 
directing expression in ovary tissue at significant 
expression levels during the preferred periods described 
above - 

15 In some eiabodiments , it will be desired to selectively 

regulate transcription in a particular ovary tissue or 
tissues. "When used in conjunction with a 5' untranslated 
sequence capable of initiating translation, expression in 
defined ovary tissue, including ovary integuments (also 

20 known as "ovule epidermal cells"), core or pericarp tissue, 
and the like, the transcriptional initiation region can 
direct a desired message encoded by a DMA sequence of 
interest in a particular tissue to more efficiently effect 
a desired phenotypic modification. For example, expression 

25 in ovary pericarp tissue, also known as the ovary wall 
and/or ovary core tissue, could result in useful 
modifications to the edible portions of many fruits, 
including true berries such as tomato, grape, blueberry, 
cranberry, currant, and eggplant; stone fruits (drupes). 
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such as cherry, plum, apricot, peach, nectarine and 
avocado; and compound fruits (druplets) , such as raspberry 
and blackberry. In hesperidium (oranges, citrus), such 
expression cassettes are expected to be expressed in the 
5 "juicy" portion of the fruit. In pepos, (such as 

watermelon, cantaloupe, honeydew, cucumber, and squash) the 
equivalent tissue is most likely the inner edible portions. 
In other fruits, such as legumes, the equivalent tissue is 
the seed pod. 

10 The modification of analogous structures of non-edible 

foruit may also be of interest. Ilius, of special interest 
are transcription initiation regions expressible in at 
least ovary outer pericarp tissue. For example, in cotton 
the analogous ovary structure is the burr of the cotton 

15 boll, in rapeseed it is the seed pod. In a like manner, 
regulating expression in ovary integuments and/or core 
tissue may result in useful modifications to the analogous 
fruit and related structures evolving there from, for 
example seed coat hairs, such as cotton fibers. Cotton 

20 fiber is a differentiated single epidermal cell of the 

outer integument of the ovule. It has four distinct growth 
phases; initiation, elongation (primary cell wall 
synthesis), secondary cell wall synthesis, and maturation. 
Initiation of fiber development appears to be triggered by 

25 hormones. The primary cell wall is laid down during the 

elongation phase, lasting up to 25 days postanthesis (DPA) . 
Synthesis of the secondary wall commences prior to the 
cessation of the elongation phase and continues to 
approximately 40 DPA, forming a wail of almost pure 



13 



wo 96/40951 PCT/US96/0991 1 

cellulose. In addition to ovary tissue promoters, 
transcriptional initiation regions from genes expressed 
preferentially in seed tissues, and in particular seed coat 
tissues, are also of interest for applications where 
5 modification of cotton fiber cells is considered. 

An example of a gene which is expressed at high levels 
in Brassica seed coat cells is the EA9 gene described in 
EPA 0 255 378. The nucleic acid sequence of a portion of 
the EA9 cDNA is provided therein, and can be used to obtain 

10 corresponding sequences, including the promoter region. An 
additional seed gene which is expressed in seed embryo and 
seed coat cells is the Bce4 Brassica gene. The promoter 
region from this gene also finds use in the subject 
invention; this gene and the corresponding promoter region 

15 are described in WO 91/13980, which was published September 
19, 1991. Fiber specific proteins are developmentally 
regulated. Thus, transcriptional initiation regions from 
proteins expressed in fiber cells are also of interest. An 
example of a developmentally regulated fiber cell protein, 

20 is E6 (John and Crow Proc. Nat. Acad, Sci. (USA) (1992) 
89:5769-5773). The E6 gene is most active in fiber, 
although low levels of transcripts are found in leaf / ovule 
and flower. 

To obtain a specifically derived transcriptional 
25 initiation region, the following steps may be employed. 

Messenger RNA (inRNA) is isolated from tissue of the desired 
developmental stage. This mRNA is then used to construct 
cDNA clones which correspond to the mRNA population both in 
terms of primary DNA sequence of the clones and in terms of 
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abundance of different clones in the population. mRNA is 
also isolated from tissue of a different developmental 
stage in which the target gene should not be expressed 
(alternate tissue) . Radioactive cDNA from the desired 
5 tissue and from the alternate tissue is used to screen 

duplicate copies of the cDNA clones. The preliminary screen 
allows for classification of the cDNA clones as those which 
correspond to mRNAs which are abundeint in both tissues; 
those which correspond to mRNAs which are not abundant in 

10 either tissue; those which correspond to mRNAs which are 
abundant in one tissue and relatively non-abundeint in the 
other. Clones are then selected which correspond to mRNAs 
that are abundant only in the desired tissue and then these 
selected clones are further characterized* 

15 Since the hybridization probe for the preliminary 

screen outlined above is total cDNA from a particular 
tissue, it hybridizes primarily to the most abundant 
sequences. In order to determine the actual level of 
expression, particularly in tissue where the mRNA is not as 

20 abundant/ the cloned sequence is used as a hybridization 
probe to the total mRNA population (s) of the desired 
tissue (s) and various undesired tissue (s). This is most 
commonly done as a Northern blot which gives information 
about both the relative abundance of the mRNA in particular 

25 tissues and the size of the mRNA transcript. 

It is important to know whether the abundance of the 
mRNA is due to transcription from a single gene or whether 
it is the product of transcription from a family of genes. 
This can be determined by probing a genomic Southern blot 



15 



wo 96/40951 PCT/US96/09911 

with the cDNA clone. Total genomic DNA is digested with a 
variety of restriction enzymes and hybridized with the 
radioactive cDNA clone. Prom the pattern and intensity of 
the hybridization, one can distinguish between the 
possibilities that the mRNA is encoded either by one or two 
genes or by a large family of related genes. It can be 
difficult to determine which of several cross-hybridizing 
genes encodes the abundantly expressed mRNA found in the 
desired tissue. For example, tests indicate that pZ130 (see 
Example 4) is a member of a small gene family however, the 
pZ7 probe is capable of distinguishing pZ13 0 from the 
remainder of the family members. 

The CDNA obtained as described can be sequenced to 
determine the open reading frame (probable protein coding 
region) and the direction of transcription so that a 
desired target DNA sequence later can be inserted at the 
correct site and in the correct orientation into a 
transcription cassette. Sequence information for the cDNA 
clone also facilitates characterization of corresponding 
genomic clones including mapping and subcloning as 
described below. At the same time, a genomic library can foe 
screened for clones containing the complete gene sequence 
including the control region flanking the transcribed 
sequences. Genomic clones generally contain large segments 
of DNA (approximately 10-20 kb) and can be mapped using 
restriction enzymes, then subcloned and partially sequenced 
to determine which segments contain the developmen tally 
regulated gene. 
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Using the restriction enzyme map and sequence 
information, plasmids can be designed and constructed which 
have the putative ovary gene or other desired promoter 
regions attached to genes which are to be expressed in 
ovary and/ or other desired tissue, particularly ovary- 
derived tissue. These hybrid constructions are tested for 
their pattern of expression in transformed, regenerated 
plants to be sure that the desired timing and/ or tissue 
expression and/or the overall level of expression has been 
maintained successfully when the promoter is no longer 
associated with the native open reading frame. Using the 
method described above, several transcriptional regulatory 
regions have been identified. One example is the tomato- 
derived transcriptional initiation region which regulates 
e^qDression of the sequence corresponding to the pZl30 cDNA 
clone. Sequences hybridizable to the pZl30 clone, for 
exairple, probe pZ7, show abundant mRNA, especially at the 
early stages of anthesis. The message is expressed in ovary 
integument and ovary outer pericarp tissue and is not 
expressed, or at least is not readily detectable, in other 
tissues or at any other stage of fruit development. Thus, 
the pZl30 transcriptional initiation region is considered 
ovary-specific for purposes of this invention. Fig- 1 
provides the DNA sequence of cDNA clone pZlBO. The native 
function of the amino acid sequence encoded by the 
structural gene comprising pZl30 is unknown. 

Downstream from, and under the regulatory control of, 
the ovary tissue transcriptional /translational initiation 
control region is a nucleotide sequence of interest which 
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provides for modification of the phenotype of structures 
maturing from ovary tissue, such as fruit or fiber. The 
nucleotide sequence may be any open reading frame encoding 
a polypeptide of interest, for example, an enzyme, or a 
5 sequence complementary to a genomic sequence, where the 

genomic sequence may be an open reading frame, an intron, a 
noncoding leader sequence, or any other sequence where the 
complementary sequence inhibits transcription, messenger 
RNA processing, for example, splicing, or translation. The 

10 nucleotide sequences of this invention may be synthetic, 

naturally derived, or combinations thereof. Depending upon 
the nature of the DNA sequence of interest, it may be 
desirable to synthesize the sequence with plant preferred 
codons. The plant preferred codons may be determined from 

15 the codons of highest frequency in the proteins ej^pressed 
in the largest amount in the particular plant species of 
interest • Phenotypic modification can be achieved by 
modulating production either of an endogenous transcription 
or translation product, for example as to the amount, 

20 relative distribution, or the like, or an exogenous 
transcription or translation product, for example to 
provide for a novel fxinction or products in a transgenic 
host cell or tissue. Of particular interest are DNA 
sequences encoding e^qpression products associated with the 

25 development of plant fruit, including genes involved in 

metabolism of cytokinins, auxins, ethylene, abscissic acid, 
and the like. Methods and compositions for modulating 
cytokinin expression are described in United States Patent 
No. 5,177,307, which disclosure is hereby incorporated by 
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reference. Alternatively, various genes, from sources 
including other eukaryotic or prokaryotic cells, including 
bacteria, such as those from Agrobaaterium tvmefaciens T- 
DNA axixin and cytokinin biosynthetic gene products , for 
5 example, and mammals, for example interferons, may be used. 

Other phenotypic modifications include modification of 
the color of plant parts developing from ovary integuments 
and/ or core tissue, for example seed coat hairs, such as 
cotton fibers. Of interest are genes involved in production 

10 of melanin and genes involved in the production of indigo. 
Melanins are dark brown pigments foxmd in animals, plants 
and microorganisms, any of which may serve as a source for 
sequences for insertion into the constructs of the present 
invention. Specific examples include the tyrosinase gene 

15 which can be cloned from Streptoinyces antibiotiaus . The 

ORF438 encoded protein in S. antibioticus also is necessary 
for melanin production, and may provide a copper donor 
function. In addition, a tyrosinase gene can be isolated 
from any organism which makes melanin. The gene can be 

20 isolated from human hair, melanocytes or melanomas, cuttle 
fish and red roosters, among others. See, for example, EP 
Application No. 89118346.9 which discloses a process for 
producing melanins, their precursors and derivatives in 
microorganisms. Also, See , Beman et al. Gene (1985) 

25 37:101-110; and della-Cioppa et al. Bio /Technology (1990) 
8:634-638- 

Indigo may be obtained by use of genes encoding a 
mono- oxygenase such as xylene oxygenase which oxidizes 
toluene and xylene to (methyl) benzyl alcohol and also 
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transforms indole to indigo. Cloning of tlie xylene 
oxygenase gene and the nucleotide and amino acid seqiiences 
are described in unexamined Japanese Patent Application 
Kokai: 2-119777, published May 7, 1990. A di oxygenase such 
5 as naphthalene dioxygenase which also converts indole to 
indigo finds use; the naphthalene dioxygenase gene nahA is 
described in Science (1983) 222: 167. For cloning, 
nucleotide sequence in characterization of genes encoding 
naphthalene dioxygenase of Pseudomonas putida. See, Kurkela 

10 et al/Gene (1988) 73:355-362. A tryptophanase gene 

sequence can be used in conjunction with an oxygenase to 
increase the amount of indole available for conversion to 
indigo. Sources of tryptophanase gene sequences include E. 
coli (see, for example, Deeley et al. (1982) J. Bacterial. 

15 151 :942-951)- 

As demonstrated in the following examples, expression 
of ORF438 and tyrosinase genes from Streptomyces in 
transgenic tobacco plants using a p2:7 promoter, and 
targeting the gene products to plastids by the action of 

20 transit peptides resulted in phenotypic modification of 
tissues ovary and meristem derived tissues, including 
modification of color in meristematic regions and basal 
flower buds. A similar set of experiments in which no 
plastid targeting sequences were used in conjunction with 

25 the ORF438 and tyrosinase genes, no alteration of phenotype 
was observed. Presumably, the plants were not able to 
produce melanin due to deficiency of the required 
substrates in the plant cell cytosol. Plastid targeting 
sequences (transit peptides) are available from a number of 
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plant nuclear-encoded plastid proteins, such as the small 
subunit (SSU) of ribulose bisphosphate carboxylase, plant 
fatty acid biosynthesis related genes including acyl 
carrier protein (ACP) , stearoyl-ACP desaturase, 6-ketoacyl- 
5 ACP synthase and acyl-ACP thioesterase, or LHCPII genes. 
The encoding sequence for a transit peptide which provides 
for transport to plastids may include all or a portion of 
the encoding sequence for a particular transit peptide, and 
may also contain portions of the mature protein encoding 
10 sequence associated with a particular transit peptide. 

There are numerous exan^les in the art of transit peptides 
which may be used to deliver a target protein into a 
plastid organelle. The particular transit peptide encoding 
sequence used in the instant invention is not critical, as 
15 long as delivery to the plastid is obtained. 

AS an alternative to using transit peptides to target 
pigment synthesis proteins to plastid organelles, the 
desired constructs may be used to transform the plastid 
genome directly. In this instance, promoters capable of 
20 providing for transcription of genes in plant plastids are 
desired. Of particular interest is the use of a T7 
promoter to provide for high levels of transcription. 
Since plastids do not contain an appropriate polymerase for 
transcription from the T7 promoter, T7 polymerase may be 
25 expressed from a nuclear construct and targeted to plastids 
using transit peptides as described above. (See McBride et 
al. (1994) Proc. Nat. Acad. Sci. 91:7301-7305; see also 
copending US patent application entitled "Controlled 
Expression of Transgenic Constructs in Plant Plastids". 
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serial no. filed June 6, 1995/ and copending US 

patent application SN 08/167,638, filed December 14, 1993 
and PCT/US94/14574 filed December 12, 1994.) Tissue 
specific or developmental ly regulated promoters may be 
5 useful for expression of the T7 polymerase in order to 
limit expression to the appropriate tissue or stage of 
development. For example, for flower color modification, 
the T7 polymerase may be expressed from a petal specific 
promoter to limit effects to the desired tissue. 

10 Targeting of melanin synthesis genes to vacuoles is 

also of interest in plant tissues which accumulate the 
tyrosine substrate involved in melanin synthesis in 
vacuoles. The protein signal for targeting to vacuoles may 
be provided from a plant gene which is normally transported 

15 across the rough endoplasmic reticulum, such as the 32 

amino acid N-terminal region of the metallocarboxypeptidase 
inhibitor gene from tomato (Martineau et al, (1991) Mol. 
Gen, Genet. 228 :281--286) , In addition to the signal 
sequence, vacuolar targeting constructs also encode a 

20 vacuolar localization signal (VLS) positioned at the 
carboxy terminus of the encoded protein. Appropriate 
signal sequences and VLS regions may be obtained from 
various other plant genes and may be similarly used in the 
constructs of this invention. Numerous vacuolar target ting 

25 peptides are known to the art, as are reviewed in 
Chrispeels et al.. Cell (1992) 68:613-616. 

Thus, it is recognized that constructs of the instant 
invention which provide sequences encoding genes involved 
in color production and sequences which provide for 
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targeting of the gene products to appropriate cellular 
locations have broad application to modification of color 
in various plant tissues- Plant transcriptional initiation 
regions for use with these color modification constructs 
5 will depend upon the particular plant tissue to be 

modified. For cotton fiber modification, for example, 
cotton fiber specific promoters or the pZ7 promoter 
described herein may find use. Additional cotton fiber 
promoters which may find use in the methods of the instant 
10 application are described in copending US patent 

application to Pear at al* , entitled "Cotton Fiber 

Transcriptional Factors", serial no. 

filed on June 7, 1995. For flower color modification, 
promoters from genes preferentially expressed in flowers, 
15 and particularly in flower petals, are of interest. 

Examples of promoters useful for expression in flowers 
include chalcone synthase, as described in Holton et al. 
(1994) TIBTECH, Vol 12, pages 40-42 ( see also Hapoli et al. 
(1990) Plant Cell, Vol 2, pages 79-89; Llpphardt et al,, 
20 (1988) EMBO, 7(13) pages 4027-4034; and Toguri et al., 
(1993) Plant Mol Biol, vol 23, pages 933-946. 

Also of interest are genes involved in production of 
colored pigments in plant tissues, such as the Maize Al 
gene which encodes a dihydrof lavonol reductase, an enzyme 
25 of the anthocyanin pigmentation pathway. In cells that 

express the Al gene, dihydrokempf erol is converted to 2-8 
alkylleucopelargonidin, which may be further metabolized to 
pelargonidin pigment by endogenous plant enzymes. Other 
anthocyanin or flavonoid type pigments may also be of 
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interest for modification of cotton cell fibers, plant 
flowers or other plant tissues- For a review of plant 
flower color, see van Tunen et al, (in Plant Biotechnology 
Series, Volume 2 (1990) Developmental Regulation of Plant 
5 Gene Expression, D. Grierson ed.). 

Although cotton fibers in commercially grown varieties 
are primarily white in color, other naturally occurring 
cotton varieties have brown or reddish-brown, fibers. Also a 
cotton line containing green colored fibers has been 

10 identified. The existence of these colored cotton lines 

suggests that the precursors required for the anthocyanin 
pigment pathways are present in cotton fibers cells, thus 
allowing further color phenotype modifications. 

For some applications, it is of interest to modify 

15 other aspects of structures developing from the ovary 

integument and related structures. For example, it is of 
interest to modify various aspects of cotton fibers, such 
as strength or texture of a fiber. Thus, the appropriate 
gene may be inserted in the constructs of the invention, 

20 including genes for PHB biosynthesis (see, Peoples et al. 
J. Biol. Chem. (1989) 264: 15298-15303 and Ibid. 15293- 
15397; Saxena, Plant Molecular Biology (1990) 15:673-683, 
which discloses cloning and sequencing of the cellulose 
synthase catalytic subxinit gene; and Bowen et al. PNAS 

25 (1992) 89:519-523 which discloses chitin synthase genes of 
Saccharomyces cerevisiae and Candida albicans. 

Transcriptional cassettes may be used when the 
transcription of an anti-sense sequence is desired. When 
the expression of a polypeptide is desired, expression 
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cassettes providing for transcription and translation of 
the DMA sequence of interest will be used. Various changes 
are of interest; these changes may include modulation 
(increase or decrease) of formation of particular 
saccharides, hormones, enzymes, or other biological 
parameters. These also include modifying the composition of 
the final fruit or fiber, that is changing the ratio and/or 
amounts of water, solids, fiber or sugars. Other phenotypic 
properties of interest for modification include response to 
stress, organisms, herbicides, brushing, growth regulators, 
and the like. These results can be achieved by providing 
for reduction of escpression of one or more endogenous 
products, particularly an enzyme or cof actor, either by 
producing a transcription product which is complementary 
(anti-sense) to the transcription product of a native gene, 
so as to inhibit the maturation and/or expression of the 
transcription product, or by providing for expression of a 
gene, either endogenous or exogenous, to be associated with 
the development of a plant fruit. 

The termination region which is employed in the 
expression cassette will be primarily one of convenience, 
since the termination regions appear to be relatively 
interchangeable. The termination region may be native with 
the transcriptional initiation region, may be native with 
the DNA sequence of interest, may be derived from another 
source. The termination region may be naturally occurring, 
or wholly or partially synthetic. Convenient termination 
regions are available from the Ti-plasmid of A. 
tumefaciens, such as the octopine synthase and nopaline 
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synthase termination regions. In some embodiments, it may 
be desired to use the 3 ■ termination region native to the 
ovary tissue transcription initiation region used in a 
particular construct. 
5 As described herein, in some instances additional 

nucleotide sequences will be present in the constructs to 
provide for targeting of a particular gene product to 
specific cellular locations. For example, where coding 
sequences for synthesis of aromatic colored pigments are 
10 used in a construct, particularly coding sequences for 

enzymes which have as their substrates aromatic compounds 
such tyrosine and indole, it is preferable to include 
sequences which provide for delivery of the enzyme into 
plastids, such as an SSU transit peptide sequence. Also, 
15 for synthesis of pigments derived from tyrosine, such as 

melanin, targeting to the vacuole may provide for enhanced 
color modifications. 

For melanin production, the ||^^p||ii|^|!iiiii8 
g^^lSfii^^ilfei^feici^^ (Berman et al. (1985) 

20 37 : 101-110) ^|^S:EpJviii^i?^ 

^^^i^iioiltiom^i'- '^^ Streptom/ces , the 

ORF438 and tyrosinase proteins are expressed from the same 
promoter region. For expression from constructs in a 
transgenic plant genome, the coding regions may be provided 
25 under the regulatory control of separate promoter regions. 
The promoter regions may be the same or different for the 
two genes. Alternatively, coordinate expression of the two 
genes from a single plant promoter may be desired. 
Constructs for expression of the tyrosinase and ORF43 8 gene 
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products from pZl30 promoter regions are described in 
detail in the following examples. Additional promoters may 
also be desired, for example plant viral promoters, such as 
CaMV 35S, can be used for constitutive expression of one of 
5 the desired gene products, with the other gene product 
being esqsressed in cotton fiber tissues from the pZl30 
promoter. In addition, the use of other plant promoters 
for expression of genes in cotton fibers is also 
considered, such as the Brassica seed promoters and the E6 
10 gene promoter discussed above. Similarly, other 

constitutive promoters may also be useful in certain 
applications, for example the mas, Mac or DoubleMac, 
promoters described in United States Patent No. 5,106,739 
and by Comai et al.. Plant Mol, Biol. (1990) 15:373-381). 
15 When plants comprising multiple gene constructs are 

desired, for example plants expressing the melanin genes, 
0RF438 and tyrosinase, the plants may be obtained by co- 
transformation with both constructs, or by transformation 
with individual constructs followed by plant breeding 
20 methods to obtain plants expressing both of the desired 
genes . 

The various constructs normally will be joined to a 
marker for selection in plant cells- Conveniently, the 
marker may be resistance to a biocide, particularly an 
25 antibiotic, such as kanamycin, G418, bleomycin, hygromycin, 
chloramphenicol, or the like. The particular marker 
employed will be one which will allow for selection of 
transformed cells as compared to cells lacking the DNA 
which has been introduced. Components of DNA constructs 



27 



wo 96/40951 PCT/US96/099n 

including transcription cassettes of this invention may be 
prepared from sequences which are native (endogenous) or 
foreign (exogenous) to the host. By foreign is intended 
that the sequence is not found in the wild-type host into 
5 which the construct is introduced. Heterologous constructs 
will contain at least one region which is not native to the 
gene from which the ovary tissue transcription initiation 
region is derived. 

In preparing the constructs, the various DNA fragments 

10 may be manipulated, so as to provide for DNA sequences in 
the proper orientation and, as appropriate, in proper 
reading frame for expression; adapters or linkers may be 
employed for joining the DNA fragments or other 
manipulations may be involved to provide for convenient 

15 restriction sites, removal of superfluous DNA, removal of 
restriction sites, or the like* In vitro mutagenesis, 
primer repair, restriction, annealing, resection, ligation, 
or the like may be employed, where insertions, deletions or 
substitutions, e.g. transitions and transversions , may be 

20 involved. Conveniently, a vector or cassette may include a 
multiple cloning site downstream from the ovary-related 
transcription initiation region, so that the construct may 
be employed for a variety of sequences in an efficient 
manner , 

25 In carrying out the various steps, cloning is 

employed, so as to amplify the amount of DNA and to allow 
for analyzing the DNA to ensure that the operations have 
occurred in proper manner* By appropriate manipulations, 
such as restriction, chewing back or filling in overhangs 
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to provide blunt ends, ligation of linkers, or the like, 
complementary ends of the fragments can be provided for 
' joining and ligation. A wide variety of cloning vectors are 
available, where the cloning vector includes a replication 
5 system functional in E. coli and a marker which allows for 
selection of the transformed cell. Illustrative vectors 
include pBR332, pUC series, Ml3mp series, pACYCl84, etc. 
Thus, the sequence may be inserted into the vector at an 
appropriate restriction site(s), the resulting plasmid used 
10 to transform the E. coli host, the E. coli grown in an 
appropriate nutrient medium and the cells harvested and 
lysed and the plasmid recovered. Analysis may involve 
sequence analysis, restriction analysis, electrophoresis, 
or the like. After each manipulation the DNA sequence to be 
15 used in the final construct may be restricted and joined to 
the next sequence. Each of the partial constructs may be 
cloned in the same or different plasmids. 

A variety of techniques are available and known to 
those skilled in the art for introduction of constructs 
20 into a plant cell host. These techniques include 

transfection with DNA employing A. tumefaciens or A. 
rhizogenes as the transfecting agent, protoplast fusion, 
injection, electroporation. particle acceleration, etc. For 
transformation with Agrohacterium, plasmids can be prepared 
25 in E. coli which contain DNA homologous with the Ti- 

plasmid, particularly T-DNA. The plasmid may or may not be 
capable of replication in Agrofoacterium, that is, it may or 
may not have a broad spectrum prokaryotic replication 
system such as does, for example. pRK290, depending in part 
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upon whether the transcription cassette is to be integrated 
into the Ti-plasmid or to be retained on an independent 
plasmid. The Agrohacterivm host will contain a plasmid 
having the xrijr genes necessary for transfer of the T-DNA to 
5 the plant cell and may or may not have the complete TDNA. 
At least the right border and frequently both the right and 
left borders of the T-DWA of th^ Ti- or Ri-plasmids will be 
joined as flanking regions to the transcription construct. 
The use of T-DNA for transformation of plant cells has 

10 received extensive study and is amply described in EPA 
Serial ISTo. 120,516, Hoekema, In: The Binary Plant Vector 
System Of fset-drukkerij Kanters B.V., Alblasserdam, 1985, 
Chapter V, Knauf, et al.. Genetic Analysis of Host Range 
Expression by Agrohacterlum, In: Molecular Genetics of the 

15 Bacteria-Plant Interaction, Puhler, A. ed. , Springer-- 

Verlag, NY, 1983, p. 245, and An, et al., EMBO J. (1985) 
4:277-284. 

For infection, particle acceleration and 
electroporation, a disarmed Ti-plasmid lacking particularly 

20 the tumor genes found in the T-DNA region) may be 

introduced into the plant cell . By means of a helper 
plasmid, the construct may be transferred to the A, 
tumefacxGns and the resulting transfected organism used for 
transfecting a plant cell; explants may be cultivated with 

25 transformed A. timefaciBns or A, rhizogenes to allow for 
transfer of the transcription cassette to the plant cells. 
Alternatively, to enhance integration into the plant 
genome, terminal repeats of transposons may be used as 
borders in conjunction with a transposase. in this 
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situation, expression of the transposase should be 
inducible, so that once the transcription construct is 
integrated into the genome, it should be relatively stably 
integrated. Transgenic plant cells are then placed in an 
5 appropriate selective medium for selection of transgenic 
cells which are then grown to callus, shoots grown and 
plantlets generated from the shoot by growing in rooting 
mediimi. 

To confirm the presence of the transgenes in 

10 transgenic cells and plants, a Southern blot analysis can 
be performed using methods known to those skilled in the 
art. Expression products of the transgenes can be detected 
in any of a variety of ways, depending upon the nature of 
the product, and include immune assay, enzyme assay or 

15 visual inspection, for example to detect pigment formation 
in the appropriate plant part or cells. Once transgenic 
plants have been obtained, they may be grown to produce 
fruit having the desired phenotype. The fruit or fruit 
parts, such as cotton fibers may be harvested, and/or the 

20 seed collected. The seed may serve as a source for growing 
additional plants having the desired characteristics. The 
terms transgenic plants and transgenic cells include plants 
and cells derived from either transgenic plants or 
transgenic cells . 

25 The various sequences provided herein may be used as 

molecular probes for the isolation of other sequences which 
may be useful in the present invention, for example, to 
obtain related transcriptional initiation regions from the 
same or different plant sources. Related transcriptional 
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initiation regions obtainable from the sequences provided 
in this invention will show at least about 60% homology, 
and more preferred regions will demonstrate an even greater 
percentage of homology with the probes. Of particular 
5 importance is the ability to obtain related transcription 
initiation control regions having the timing and tissue 
parameters described herein. For example, using the probe 
p2130, at least 7 additional clones, have been identified, 
but not further characterized. Thus, by employing the 

10 techniques described in this application, and other 

techniques known in the art (such as Maniatis, et al.. 
Molecular Cloning, - A Laboratory Manual (Cold Spring 
Harbor, New York) 1982) , other transcription initiation 
regions capable of directing ovary tissue transcription as 

15 described in this invention may be determined. The 

constructs can also be used in conjunction with plant 
regeneration systems to obtain plant cells and plants; the 
constructs may also be used to modify the phenotype of a 
fruit and fruits produced thereby. 

20 F<p^p|^ilSilii|nt>|i||g|^^ °^ 

various flowering plant species is desired, including 
transformation of carnations, roses, gerba, lillies, 
orchids, petunias and chrysanthemums. For cotton 
applications, various varieties and lines of cotton may 
25 find use in the described methods. Cultivated cotton 

species include Gossypium hirsutum and G. babadense (extra- 
long stable, or Pima cotton) , which evolved in the New 
World, and the Old World crops G. herbaceum and G. 
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arboz-eum. The following examples are offered by way of 
illustration and not by limitation- 



EXPERIMEMTAIi 

5 iSie following deposits have been made at the American 

Type Culture Collection (ATCC) (12301 Parklawn Drive, 
Rockville, MD 20852) . Bacteriophage Calgene Lambda 116 and 
Calgene Lambda 140, each containing a transcription 
initiation region of this invention, were deposited on July 
10 13, 1989 and were given accession numbers 40632 and 40631, 
respectively- 

Examfple 1 

Construction of Pre-Anthesis Tomato Q varv cDNA 
15 Banks and Screening for Qvarv- Specific Clones 

CDNA Librarv Pren aration 

Tomato plants (Lycopersicon esculentum cv UC82B) were 
grown under greenhouse conditions. Poly(A)+ RNA was 

20 isolated as described by Mansson et a J . , Mol, Gen, Genet. 
(1985) 200:356-361. The synthesis of cDNA from poly (A) + 
RNA, prepared from ovaries of unopened tomato flowers (pre- 
anthesis stage), was carried out using the BRL cDNA Cloning 
Kit following the manufacturer's instructions (BRL; 

25 Bethesda, MD) . Addition of restriction endonuclease EcoRI 
linkers (107 8, New England Biolabs; Beverly, MA) to the 
resulting double-stranded cDNA was accomplished by using 
the procedures described in Chapter 2 of Dm Cloning Vol. 
I: A Practical Approach, Glover, ed*, (BRL Press, Oxford 

30 1985) . Cloning the cDNA into the EcoRI site of the phage 
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Lambda ZAP (Stratagene; La Jolla, CA) and packaging the 
resulting recombinant phage (using GigaPack Gold, 
Stratagene) was carried out as described in the respective 

commercial protocols. 

TWO CDNA libraries were prepared as described above 
from the same pre-anthesis stage mKNA. For the second 
library, which contained significantly longer cDNA than the 
first, the poly (A) H- RNA sample was run through an RNA spin 
column (Boehringer Mannheim Biochemicals ; Indianapolis, 
IN), following the manufacturer's directions, prior to the 
cloning procedures. 
nrmA L-iVi-rsrv S r;r-eenina 

The first CDNA library was screened by differential 
hybridization using 32p-labeled cDNA probes made from pre- 
anthesis mRNA, leaf mRHA and young seedling mRNA. Clones 
were selected based on hybridization to only pre-anthesis 
mRNA. The cDNAs corresponding to the selected Lambda ZAP 
(Stratagene) clones were excised from the phage vector and 
propagated as plasmids (following the manufacturer's 

instructions) . 

From an initial screen of 1000 cDNAs, 30 selected 
clones falling into five classes based on the sequences of 
their CDNA inserts were isolated. Two clones, clones pZ7 
and pZ8. were selected for further study. The DNA sequences 
> of pZ7 and pZ8 are shown as the underlined portions of 
Figures 1 and 4, respectively. 

several thousand recombinant clones from the second 
CDNA library were screened by plaque hybridization (as 
described in the Stratagene Cloning Kit Instruction Manual) 
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with a mixture of radiolabeled DNA probes. Screening of 
approximately three thousand recombinant clones from the 
second library with the pZ7 and pZ8 DNA probes yielded 
selection of fourteen clones which had intense 
hybridization signals. The clones selected were excised 
from the phage vector and propagated as plasmids. DNA was 
isolated from each clone, cut with the restriction 
endonuclease £coRI, then electrophoresed through a 0.7% 
agarose gel. Duplicate blot hybridizations were performed 
as described in Maniatis et al.. Molecular Cloning: A 
Laboratory Manual (Cold Spring Harbor, New York, 1982) with 
radiolabeled probes representing the genes of interest (pZ7 
and pZ8) . seven clones which hybridized to pZ7 and three 
clones which hybridized to pZ8 were selected. The longest 
of these for each probe, pZ130 (pZ7 -hybridizing) and pZ70 
(pZB-hybridizing) , were characterized further and used in 
additional experiments. 

]p;? ^amDle 2 
analvgls "-F ^TflvTR Clones 



Northern Analysis 

Tissue-specificity of the cDNA clones was demonstrated 
as follows: RNA was isolated from 1. 2, 3, 4, 5. 6, 7, 10, 
14, 17 and 21 day post-anthesis , anthesis and pre-anthesis 
stage tomato ovaries, tomato leaves and unorganized tomato 
callus using the method of Ecker and Davis, Proc. Natl. 
Acad. Sex. USA, 84:5203 (1987) with the following 
modifications. After the first precipitation of the nucleic 
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acid, the pellets were resuspended in 2 ml of 
diethylpyrocarbonate (DKP) treated water on ice. The 
solutions were brought to 1 iriM MgCl2 and 1/4 volume of 8 M 
LiCl was added. The samples were mixed well and stored at 
5 4'"C overnight. The samples were then centrifuged at 8,000 
RPM for 20 min. at 4'>C. The pellets were dried, resuspended 
in DKP-treated water on ice as before and ethanol- 
precipitated once more. The KNAs were electrophoresed on 
formaldehyde/agarose gels according to the method described 
10 by Foumey et al.. Focus (1988) 10:5-7, immobilized on 
Nytran membranes (Schleicher &.Schuell; Keene, NH) and 
hybridized with 32p-labeled probes . 

Based upon the Northern analysis with a 32p_iabeled 
pZ7 EcoRI insert DNA or a pZ8 EcoRI insert DNA, it is clear 
15 that both of these genes are most highly expressed at 

anthesis in tomato variety UC82B and somewhat less highly 
expressed prior to and a day following the opening of the 
flower. Figure 6 shows tomato flowers at various stages of 
development and immediately below, a representative ovary 
20 dissected from a flower at the same stage of development. 
AS seen in Figure 6, by two days after the onset of 
anthesis, the expression of both genes had dropped off 
dramatically. The size of the mRNA species hybridizing to 
the pZ7 probe was approximately BOO nt and to the pZ8 probe 

25 approximately 500 nt. 

From two days post-anthesis. pZB RNA accumulation was 
apparently maintained at a relatively low level while pZ7 
RNA accumulation continued to drop off steadily until, by 
three weeks post-anthesis, it was undetectable by this 
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analysis. pZ8 RNA acctimulation was not detectable by the 
method described above in RNA samples isolated from tomato 
fruit older than the immature green stage of fruit 
ripening. No PNA hybridizing to pZ? or pZ8 was found in 
5 callus tissue; no RNA hybridizing to pZ7 was found in leaf 
tissue; on longer exposures a barely detectable 
hybridization signal for pZ8 was seen in leaf RNA. 
T?.-vp-i-oFt«ion Level 

Message abundance corresponding to the cDNA probes was 
10 determined by comparing the hybridization intensity of a 
known amount of RNA synthesized in vitro from the clones 
(using TV or T3 RNA polymerase in the Riboprobe System 
(Promega) ) to RNA from anthesis stage and three week old 
tomato ovaries. This analysis indicated that pZ7 and pZ8 
15 cDNAs represent abundant RNA classes in anthesis-stage 
tomato ovaries, being approximately 5% and 2% of the 
message, respectively, 
rp^l InTar f icitv 

The cellular specificity of the cDNA probes may be 
20 demonstrated using the technique of in situ hybridization. 
Pre-anthesis stage UC82B tomato ovaries were fixed 
overnight in a 4% paraformaldehyde, phosphate buffered 
saline (PBS), 5 mM MgCla solution, pH 7.4 (PBS is 10 mM 
phosphate buffer. pH 7.4, 150 mM NaCl) (Singer et al., 
25 Biotechnigues (1986) 4:230-250). After fixation, the tissue 
was passed through a graded tertiary butyl alcohol (TBA) 
series, starting at 50% alcohol, infiltrated with Paraplast 
and cast into paraffin blocks for sectioning (Berlyn and 
Miksche, Botanical Microtechnique and Cytochemistry. (1976) 
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Iowa) . Erribedded ovaries were transversely cut, 8 pm tlaick 
sections, on a Reichert Histostat rotary microtome. 
Paraffin ribbons holding 5-7 ovary sections were affixed to 
gelatin-chrom alum subbed slides (Berlyn and Miksche (1976) 
--p^n) -r.d h'^ld in a dust-free box until in Bitu 
hybridizations were performed. Slides ready to be 
hybridized were deparaf f inized in xylene and rehydrated by 
passing through an ethanol hydration series as described in 
Singer et al., supra (1986) . 

10 A 2X hybridization mix was made consisting of 100 p-1 

20X SSC, 20 111 10% BSA, 100 \ll 750 mM DTT, 200 |Xl 50% 
dextran sulfate, 50 \il RNasin, and 30 \il sterile water. 
S^nse and antisqnse ^Bg^j^j^ probes were generated from 
cDNAs of interest using T3 and T7 RKTA polymerases in vitro 

15 transcription (Riboprobe Promega Biotec or Stratagene) 
reactions following the manufacturer's protocol. 2.5 \il 
tRNA (20 mg/ml), 2 . 5 |xl salmon sperm DNA (10 mg per ml) and 
4 X 10^ cpm/ probe were dried down using a lyophilizer . 
This mix was then resuspended in 25 |Xl 90% formamide 

20 containing 25 ]Xl 2X hybridization mix per slide. 40 \il of 
this hybridization mix was placed on each slide. A cover 
slip was placed over the sections and edges sealed with 
rubber cement. Slides were placed in slide holders inside a 
glass slide box, covered, and placed in a 37''C dry oven 

25 overnight to hybridize. Posthybridization treatments were 
as described in Singer et al,, (1986), supra. 

Autoradiography was performed as described in KODAK 
Materials for Light Microscope (KODAK (1986); Rochester. 
l^JY) using liquid emulsion NTB^3. Slides are left to expose 



38 



wo 96/40951 PCT/US96/09911 

in a light-tight box for approximately two weeks. After 
developing the autoradiographic slides, sections were 
stained in 0.05% toluidine blue and then dehydrated through 
a graded alcohol series; xylene: 100% ethanol, 1:1, followed 
5 by 2 changes of 100% xylene, five minutes in each solution. 
Coverslips were mounted with Cytoseal (VWR; San Francisco, 
CA) and left on a slide warmer until dry (45"50^C, 1-2 
days) . Autoradiographic slides were then ready for 
microscopic examination, 

10 When pre-anthesis tomato ovaries were hybridized to 

sense and antisense 35S-pZ7 RNA, the antisense transcripts 
hybridized specifically to the outer pericarp region of the 
ovary and to the outer region of the ovules {the 
integuments) . The sense transcripts (negative control) 

15 showed no hybridization. When pre-anthesis tomato ovaries 
were hybridized to sense and antisense 35S-pZ8 RNA, the 
antisense transcript hybridized specifically to the inner 
core region of the ovary and to the outer region of the 
ovules. The sense transcripts showed no hybridization. 

20 In summary, the mRNA transcripts encoded by the genes 

corresponding to pZ7 and pZ8 were abundantly expressed 
during a very specific stage of tomato fruit development, 
primarily at anthesis and at a day prior to and after the 
opening of the flower. The transcripts additionally were 

25 expressed in a specific subset of tomato ovary cell types 
during that stage of development particularly in the 
integuments {pZ7 and pZ8) as well as the ovarian outer 
pericarp (pZ7) and inner core region (pZB) * 
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g^annple 3 

,co ^,»nr^-ina of P7i?n and v7nn cDNR cJ-onsa 

The complete DNA sequences of the cDNA pZl30 and pZ70 
clones were determined using the Sanger et al. (1971) 
5 dideoxy technique. The DNA sequences of both pZl30 and pZ70 
were translated in three frames. The sequences, including 
the longest open reading frame for each, are shovm in Fig. 
1 (pZl30) and Fig. 4 {pZ70) . 

Exanple 4 
ar^alvffis o f Family 
Southern analysis was performed as described by 
Maniatis et al.. supra, (1982) . Total tomato DNA from 
cultivar UC82B was digested with BamHI, EcoRI and Hindlll . 
15 separated by agarose gel electrophoresis and transferred to 
nitrocellulose. Southern hybridization was performed using 
32p- labeled probes produced by random priming of pZl30 or 
pZ70. A simple hybridization pattern indicated that the 
genes encoding pZl30 and pZ70 are present in a few or 
20 perhaps only one copy in the tomato genome. 

Additional analysis, using a pZ130 hybridization probe 
to hybridize to tomato genomic DNA digested with the 
restriction endonuclease Bglll, indicated that this gene is 
actually a member of a small (approximately 5-7 member) 
25 family of genes. The original pZ7 cDNA clone, consisting of 
sequences restricted to the 3 'untranslated region of the 
longer pZ130 clone, however, hybridizes intensely only to 
one band and perhaps faintly to a second band based on 
southern analysis using Bglll digested tomato genomic DNA. 
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"Exam ple 5 

Preparation of Genomic Clones n 2il30 and pZVO 
Two genomic clones, one representing each of cDNA 
clones pZl30 and pZ70, were obtained as follows. A genomic 
library constructed from DNA of tlie tomato cultivar UC82B, 
partially digested with the restriction endonuclease Sau3A, 
was established in the lambda phage vector, lambda-FXX 
according to the manufacturer's instructions (Stratagene; 
La Jolla, CA) . lliis library was screened using ^^p^iabeled 
pZlBO and pZ70 as probes, A genomic clone containing 
approximately 14.5 kb of sequence from the tomato genome 
which hybridized to pZ70 was isolated. The region which 
hybridizes to the pZ70 probe was found within the 
approximately 2 kb XbaX-Hindlll restriction fragment of 
Calgene Lambda 116 (See Figure 5) . A second genomic clone, 
containing approximately 13 kb of sequence from the tomato 
genome and hybridizing to pZl30 (and pZ7) was isolated. The 
region which hybridized to the pZl30 probe was found within 
the larger EcoRI-Hindlll restriction fragment of Calgene 
Lairibda 140 (See Figure 3). 

Pre paration of TDCGlSr2015 

PCGN2015 was prepared by digesting pCGN565 with Hhal, 
blxmting with mung bean nuclease, and inserting the 
resulting fragment into an EcoRV digested BluescriptKSM13- 
(Stratagene) vector to create pCGN2008. pCGN2008 was 
digested with EcoRI and Hindlll, blunted with Klenow, and 
the 1156 bp chloramphenicol fragment isolated, 
BluescriptKSM13+ (Stratagene) was digested with PraJ and 
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the 2273 tap fragment isolated and ligated with the pCGN2008 
chloramphenicol fragment creating pCGN2015. 
Pr-enarati on of pcr avT-aQOI /pr!QN2902 

pCGN2901 contains the region surrovinding the pZ7- 
5 hybridizing region of the pZ130 genomic clone, including 
approximately 1.8 kb in the 5' direction and approximately 
4 Ida in the 3 ' -direction . To prepare pCGN2901, Calgene 
Lambda 140 was digested with Sail and the resulting 
fragment which contains the pZ7-hybridizing region was 
10 inserted into pCGN2015, at the pCGN2015 unique Sail site, 
to create pCGN2901. 

PCGN2902 contains the other Sal J fragment (non-pZ7- 
hybridizing) of the pZlBO genome derived from Sail 
digestion of Calgene Lambda 140, also put into a pCGN2015 
15 construct. 



pxamole 6 

20 Preparation of a n 7.130 Exp-reasion Construct 

Plasmid DNA isolated from pCGN2901 was digested to 
coiipletion with Ncol and then treated with exonuclease 
isolated from mung bean (Promega, Madison, WI> to eliminate 
single-stranded DNA sequences including the ATG sequence 

25 making up a portion of the NcoI recognition sequence. The 
sample was then digested to conpletion with SacJ . The 
resulting 1.8 kb (approximate) 5' Sad to Ncol fragment was 
then inserted into a pUC -derived ampicillin-resistant 
plasmid. pCGP261 (described below) , that had been prepared 
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as follows. PCGP261 was digested to completion with Xbal, 
the single-stranded DNA sequences were filled in by 
treatment with the Klenow fragment of DNA polymerase I, and 
the pCGP261 DWA redigested with Sad. The resulting 
5 expression construct contained, in the 5 • to 3 ' direction 
of transcription, an ovary tissue promoter derived from 
Lambda 140, a titir gene and tmr 3 ' -transcriptional 
termination region. 

Tlie plasmid pCGP261 contains the sequences from 

10 position 8,762 through 9,836 from the Agjroha.atez'ium 

tvmefaciens octopine Ti plasmid pTil5955 {as sequenced by 
Barker et al.. Plant Molec. Biol. (1983) 2:335-350). This 
region contains the entire coding region for the genetic 
locus designated tmr which encodes isopentenyltransf erase 

15 (Akiyoshi et al., FJSJJiS (1984) 81:4776-4780), 8 bp 5 * of the 
translation initiation ATG codon and 341 bp of sequences 3* 
to the translation stop TAG codon. 

Plasmid pCGP261 was created as follows* Plasmid 
pCGN1278 (described in co-pending application United States 

20 Serial No. 382,176, filed July 19, 1989, which is hereby 
incorporated in its entirety by reference) was digested 
with Xbal and EcoRI- The single-stranded DMA sequences 
produced were filled in by treatment with the Klenow 
fragment of DMA polymerase I, The JflbaJ to EcoRI fragment 

25 containing the tmr gene was then ligated into the vector 

ml3 Bluescript minus (Stratagene Inc., La Jolla, CA) at the 
Smal site, resulting in plasmid pCGP259. All of the region 
found upstream of the ATG translation initiation codon and 
some of the tmr gene coding region was eliminated by 
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digesting pCGP259 with BspMI and BstXI, The resulting 
coding region and 8 bp of the sequence originally found 
upstream of the first ATG codon was re-introduced into the 
plasmid and an Xbal site introduced into the plasmid via a 
5 synthetic oligonucleotide comprising the following 

sequence: 5' AATTAGATGCAGGTCCATA?^GTTTTTTCTAGACGCG 3'. The 
resulting plasmid is pCGP261. An Xba.1 to Kpnl fragment of 
PCGP261 containing the pZ130 gene 5V and tmr gene coding 
and 3 ' region construct was then inserted into a binary 
10 cassette such as pCGM1557 and transgenic plants prepared. 
(See co-pending application United States Serial No. 
382,176 described above)* 

Examr>le 7 

15 Preparatio n of nZlBO Promoter Cassette 

The pZl30 cassette contains 1.8 kb (pCGN2909) or 5 kb 
(pCGN2928) of DNA 5' of the translational start site and 
the 3* region (from the TAA stop codon to a site 1,2 kb 
downstream) of the pZl30 gene. The pZ13 0 cassettes were 

20 constructed as follows. 



Transcrintional Initiation Region 

Plasmid DNA isolated from pCGN2901 (see above) was 
digested to completion with Ncol and then treated with 
25 exonuclease isolated from m\ing bean (Promega, Madison, WI) 
to eliminate single-stranded DNA sequences, including the 
ATG sequence making up a portion of the Ncol recognition 
sequence. The sample was then digested to completion with 
Sad. The resulting 1.8 kb 5* SacJ to NcoJ fragment was 
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then inserted into pCGasr2 015 (described above) to create 
PCGN2904, 

In order to eliminate redundant restriction enzyme 
sites and make subsequent cloning easier, plasmid DNA 
5 isolated from pCGN2904 was digested to completion with Sail 
and EcoRI and the resulting 1.8 kb fragment, containing the 
pZl30 5' sequences, inserted into pBluescriptll 
(Stratagene; Xia Jolla, CA) to create pCGN2907. 
Transcriptional and Translational Termination Region 
10 Plasmid DNA isolated from pCGN2901 was digested to 

completion with EcoRI and BamHI. The resulting 0.72 kb 
EaoRI to BamHI fragment located downstream {3 ' ) from the 
pZlSO coding region was inserted into pCGN2907 creating 
PCGN2908. 

15 The insertion of the 0 . 5 kb (approximately) DNA 

sequence, including the pZ 130 gene TAA stop codon and those 
sequences between the stop codon and the EcoRI site 
downstream (3 ') and the addition of unique restriction 
sites to facilitate insertion of foreign genes, was 

20 accomplished as follows. 

A polylinker/ "primer" comprising the sequence 
5'GTTCCTGCAGCATGCCCGGGATCGATAATAATTAAGTGAGGC-3 * was 
synthesized to create a polylinker with the following 
sites: Pstl-Sphl-Smal-Clal and to include the pZ130 gene 

25 TAA stop codon and the following (3') 13 base pairs of the 
pZl30 gene 3* region sequence. Another oligonucleotide 
comprising the sequence 5'- CAAGAATTCATAATATTATATATAC 3* 
was synthesized to create a "primer" with an EcoRI 
restriction site and 16 base pairs of the pzl30 gene 3' 
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region immediately adjacent to the EcoRI site located 
approximately 0.5 kb 3' of the pZl30 gene TAA stop codon. 

These synthetic oligonucleotides were used in a 
polymerase chain reaction (PGR) in which plasmid DNA 
5 isolated from pCGN2901 was used as the substrate in a 

thermal cycler (Perkin-Elmer/Cetus , Norwalk, CT) as per the 
manufacturer's instructions. The resulting 0.5 kb DNA 
product was digested to completion with PstI and EcoRI and 
the resulting 0.5 kb DNA fragment inserted into pCGN2908 to 

10 create pCGN2909, The complete DNA sequence of the 0.5 kb 

region from the PstI site to the EcoRI site was determined 
using the Sanger et al. (1971) dideoxy technique to verify 
that no mistakes in the sequence had occurred between the 
oligonucleotide primers during the PGR reaction, 

15 The pZlBO cassette, pCGN2909, thus comprises the 5' 

pZ130 DNA sequences from the Sail site at position 808 to 
position 2636 (see Figure 2), unique PstI, SphI and Smal 
sites which can be conveniently used to insert genes, and 
the 3 ' pZl30 DNA sequences from the TAA stop codon at 

20 position 3173 (Figure 2) through the BainHI site at position 
4380. 

F.:>cam ple 8 

Prenaration and An alvgis of Test Gonstructs 
25 A E-glucuronidase (GUS) reporter gene was used to 

evaluate the expression and tissue specificity of the 
pZl30"GUS constructions. GUS is a useful reporter gene in 
plant systems because it produces a highly stable enzyme, 
there is little or no background (endogenous) enzyme 
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activity in plant tissues, and the enzyme is easily assayed 
using fluorescent or spectrophotometric sijbstrates. (See, 
for example, Jefferson, Plant Mol. Rep. (1987) 5:387-405.) 
Histochemical stains for GUS enzyme activity are also 
5 available which can be used to analyze the pattern of 

enzyme accumulation in transgenic plants. Jefferson (1987), 
supra. 

A pZl30 cassette, pC(3!l2928, was prepared by inserting 
the 3.2 KpnJ to Sail fragment of pCGN2059 into the Kpnl and 
10 Sail sites of pCGN2909. pCGN2059 was prepared by inserting 
the 3.2 Sail to Bglll fragment of pCGN2902 into Ml3mpl9. 
PCGN2928 is thus identical to pC(3!J2909 except that it 
includes an additional approximately 3.2 kb of pZ130 DNA 
sequence upstream of the Sail site located at position 808 

15 of Figure 2. 

PreparatioTi of Test Construc r^^^ nr:GN29T7 and PCGN2918 

These constructs contain 1.8 kb of pZ130 5" sequence, 

the GUS gene coding region and 1.2 kb of pZl30 3' sequence. 

PCGN2917 and pCGN2918 differ from each other only in the 
20 orientation of the pZl30/GUS construction with respect to 

the other elements of the binary vector plasmid for 

example, the 35S promoter from CaMV. 

The constructs were made by inserting the Psti 

fragment of pRAJ250 (Jefferson (1987) supra), or any other 
25 plasmid construct having the PstI fragment containing the 

GUS coding region, into the PstI site of pCGN2909. The 

resulting plasmid. having the GUS gene in the sense 

orientation with respect to the pZ130 gene promoter region, 

was named pCGN2914. The pZ130/GUS construction was excised 
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as an Xbal to Kpnl fragment and cloned into the binary 
vectors pCGNl557 and pCGNl558 to make pCGN2917 and 
PCGN2918, respectively. pCGN1557 and pCGNl558 are described 
in McBride and Suiranerfelt, Plant Mol. Bio. (1990) 14:269- 

296. 

Pr-f^narat.- i r.n nf Test- rnnst-.riict T3CGN2926 

This construct contains S kta of pZ130 5' sequence, the 
GUS gene coding region and 1.2 3dD of pZl30 3' sequence. It 
was made by inserting the 3.2 kb Kpnl to Sail fragment of 
PCGN2059 into the Kpnl and Sal J sites of pCGN2914. The 
resulting plasmid was named pCGN2923 . The pZl30/GUS/pZl30 
construction was then excised from pCGN2923 as an Xbal to 
Kpnl fragment and cloned into the binary vector pCGNl557 
resulting in pCGN2926. 
Analvsifi of GTTS Knzvme Activity 

fi-glucuronidase activity of trans formants was measured 
using 4 -methyl -umbelliferyl glucuronide as a substrate, as 
outlined in Jefferson {1987) supra GUS enzyme activity was 
easily detected in the ovaries of the transformed plants 
and quantitatively was quite high in comparison with the 
activity background observed in ovaries isolated from 
nontransformed tomato plants and from leaves of transformed 
plants. Interestingly, upon comparison of the pCGN2917 and 
PCGN2918 trans formants, it was found that proximity to a 
35S CaMV enhancer region (pCGNlSBB) may reduce, or 
eliminate, ovary- tissue specificity. 



48 



wo 96/40951 PCT/US96/09911 

Example 9 
Cotton Transformation 
Explant Preparation 

Coker 315 seeds were surface disinfected by placing in 
5 50% Clorox (2,5% sodiiam hypochlorite solution) for 20 
minutes and rinsing 3 times in sterile distilled water , 
Following surface sterilization, seeds were germinated in 
25 X 150 sterile tubes containing 25 mis 1/2 x MS salts: 
1/2 X B5 vitamins: 1.5% glucose: 0^3% gelrite. Seedlings 

10 were germinated in the dark at 28*C for 7 days. On the 

seventh day seedlings were placed in the light at 28±2*'C* 
Cocultivation and Plant Regeneration 

Single colonies of A, tumefaciens strain 2760 
containing binary plasmids pCGN2917 and pCGN2926 were 

15 transferred to 5 ml of MG/L broth and grown overnight at 
30^C. Bacteria cultures were diluted to 1 x 10^ cells/ml 
with MG/L just prior to cocultivation. Hypocotyls were 
excised from eight day old seedlings, cut into 0,5-0.7 cm 
sections and placed onto tobacco feeder plates {Horsch et 

20 al. 1985) . Feeder plates were prepared one day before use 
by plating 1,0 ml tobacco suspension culture onto a petri 
plate containing Callus Initiation Medium CIM without 
antibiotics {MS salts: B5 vitamins: 3 % glucose: 0,1 mg/L 
2,4"D: 0,1 mg/L kinetin: 0.3% gelrxte, pH adjusted to 5,8 

25 prior to autoclaving) . A sterile filter paper disc (Whatman 
#1) was placed on top of the feeder cells prior to use. 
After all sections were prepared, each section was dipped 
into an A, tumefaciens culture, blotted on sterile paper 
towels and returned to the tobacco feeder plates. 
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Following two days of cocultivation on the feeder 
plates, hypocotyl sections were placed on fresh Callus 
initiation Medionn containing 75 rag/L kanamycin and 500 mg/L 
carbeuiciUin. Tissue was incubated at 28+2=0, 30uE 16:8 
light: dark period for 4 weeks. At four weeks the entire 
explant was transferred to fresh callus initiation medium 
containing antibiotics. After two weeks on the second pass, 
the callus was removed from the explants and split between 
Callus initiation Medium and Regeneration Medium (MS salts: 
40mM KNO3: 10 mM NH4Cl:B5 vitamins:3% glucose:0.3% 
gelrite:4D0 mg/L carb:75 mg/L kanamycin) . 

Embryogenic callus was identified 2-6 months following 
initiation and was subcultured onto fresh regeneration 
medium. Embryos were selected for germination, placed in 
static liquid Embryo Pulsing Medium (Stewart and Hsu 
medium: 0.01 mg/1 NAA: 0.01 mg/L kinetin: 0.2 mg/L GAS) and 
incubated overnight at 30°C. The enOoryos were blotted on 
paper towels and placed into Magenta boxes containing 40 
mis of Stewart axid Hsu medium solidified with Gelrite. 
Germinating embryos were maintained at 28±2°C 50 uE m'^s-i 
16:8 photoperiod. Rooted plantlets were transferred to soil 
and established in the greenhouse. 

Cotton growth conditions in growth chairibers are as 
follows: 16 hour photoperiod. tenperature of approximately 
80-85^ light intensity of approximately 500^Einsteins. 
cotton growth conditions in greenhouses are as follows: 14- 
16 hour photoperiod with light intensity of at least 
400^Einsteins, day temperature gO-gB^F. night temperature 
70-75^. relative humidity to approximately 80%. 
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Plani- Analysis 

Flowers from greenhouse grown Tl plants were tagged at 
anthesis in the greenhouse. Squares (cotton flower buds) , 
flowers, bolls etc. were harvested from these plants at 
5 various stages of development and assayed for GUS activity. 
GUS f luorometric and histochemical assays were performed on 
hand cut sections as described in Jefferson (1987), supra. 

At least ten events (transgenic plants) from each 
construct (pCGN2917 and pCGN2926) were sent to the Growth 
10 Chambers /Greenhouse. Approximately 80% (9/11) of the 2917 

plants and 100% (12/12) of the 2926 plants expressed GUS at 
a level detectable by either fluorometric or histochemical 
assay. Squares from several of pCGN2917 and pCGN2926 
transfected plants were assayed for GUS ej^ression using 
15 histochemical analysis wherein the cells which are 

ejcpressing GUS stain blue. Preliminary analysis indicates 
that all plants expressed GUS in the developing floral 
parts. Ovules and anthers stained extremely dark. Bracts 
and locule walls were also blue in some cases. Fibers from 
20 5,9 and 12 DPA bolls off these plants were also expressing 
GUS. 

Several GUS assays were done on developing bolls at 
stages from squaring through 53 days post anthesis. GUS 
activity is very high in squares and flowers. Activity in 
25 bolls varies from plant to plant. Activity was present in 
fiber from two of the 2926 plants at 43 and 53 dpa. 

E-glucuronidase is a very stable enzyme; therefore, 
presence of GUS activity may not be directly correlated in 
a temporal manner with gene expression, however, the 
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specificity of expression in tissues and/or staructures 
derived from ovary integument was significant. Other 
tissues not derived from ovary integuiaent, showed no GUS 
activity above background. Differences in the breakdown of 
GUS as well as differences in expression may explain the 
variability of expression patterns. 

Comparisons between Cotto n and Tomato Expression 

An initial MUG assay was done on tissues from tomato 
and cotton plants transfected with pCGIsr2917 and pCGN2918. 
GUS activity was found in tomato roots, stems and leaves as 
well as meristems, and floral parts. Itie amount of activity 
varied from plant to plant. In cotton, activity was highest 
in floral parts but was detectable in roots and stems of 
some plants. 

T2 tomato plants from 2926 and 2917 are being tagged 
at anthesis. These plants have been tested for both kan and 
GUS expression. As the tissue matures it will be assayed 
and photographed. 

.Example 1,0 

K ^rr&ssinn nf Transgenic M elanin Synthesis Gene^ 
A binary construct for plant transformation to express 
genes for melanin synthesis is prepared as follows. The mel 
operon of Streptomyces antibxoticus (Bernan et al. (1985) 
34:101-110) is subcloned as a Bell fragment into a 
Bluescript vector. Ncol and BamHI sites are inserted by 
mutagenesis immediately 5' to (and including) the ATG 
initiation codon for 0RF438. The resulting plasmid is 
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PCGN4229. PCGN4229 is further rautagenized by inserting a 
PstI site immediately following the 0RF438 stop codon and 
by the addition of Ncol and BiMiiiiSlitii^lil^ii^^ 

iSilMS;-^ PstI site from the plasmid vector is similarly 
located immediately 3' to the tyrA encoding region. 

The pZlBO cassette, pCGll2909, is mutagenized to 
reinsert the Ncol site including the ATG codon for the 
initial MET of the pZlBO encoded sequence, and results in 
PCGN4228. PCGN4228 is mutagenized to delete the BairiHI site 
at the 3' end of the pZl30 transcriptional termination 
region and to insert an AscI linker fragment in its place, 
resulting in pCGN4235. pCGN4228 is also mutagenized to 
deleted the 3' BaraHI site and insert an AscI linker 5' to 
the pZl30 transcriptional initiation region (at Xhol/Sall 
digested and Klenow treated pCGN4228) resulting in 
PCGN4241 . 

The Streptomyces ORF438 region is obtained by 
digestion of the mutagenized mel operon construct with Ncol 
and PstI and inserted into Nco/Pst digested pCGN4235. The 
tyrA region is cloned as an Ncol /PstI fragment from the 
mutagenized mel operon construct into Nco/Pst digested 
PCGN4241 . 

A fragment of the tobacco ribulose bisphosphate 
carboxylase small subunit gene encoding the transit peptide 
and 12 amino acids of the mature protein is inserted in 
reading frame with the ORF438 encoding sequence as an 
NcoI/BamHI fragment. The fragment is similarly inserted in 
front of the tyrA encoding sequence- The resulting 
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constructs contain the transit peptide/0RF438 and;;g^|i^ 
■J^tiie/tjpi^^^ for expression from the 

pZl30 5' and 3' regulatory regions. 

A binary vector (See Figure 7) f^f>iigSiiJQi|«^^^^^ 
^^^^l-^^S 8/:andf '^tyiA^v:,^ pCqail 57 8 

(McBride et al., supra) by substitution of the pCGN1578 
linker region with a linker region containing the following 
restriction digestion 

sites :Asp718/Asc/Pac/XbaI/BaniHI/Swa/Sse/HindIII . (See 

Figure 8) . This results ^iM^SM^MM.^'^ ' 
Sse are restrictive enzymes that cut at the 8 -base 
recognition sites. The enzymes are available from New 
England BioLabs: Asc, Pac; Boehringer Manheim:Swa; and 
Takara (Japan) :Sse. 

The ORF438 pZl30 construct is inserted into 
PCGN1578PASS as an Asp/Asc fragment. The tyrA pZl30 
construct is inserted adjacent to the ORF438 pZl30 
construct as an Asc/Xba fragment. 

Exait^jle 11 

TCy pressioP Af Tr-ans gpnin Melanin Synthegis 
Penes ir Tobacco Plants 

Transgenic tobacco plants were generated using 
techniques and DNA constructs as provided in Examples 8-10 . 

A set of xintrans formed plants was utilized as a 
control. All of the untransformed control plants utilized 
in this following experiment exhibited normal growth and 
development phenotypes . (See Table 1.) 
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A first set of transgenic plants was obtained using 
binary vector pCGN4269 Whicfc e the QRF438 and 

tyrA genes involved in melanin synthesis in the cytosol of 
these tobacco plants. Transgenic plants obtained using 
5 pCGN4269 contained a DMA construct containing the pZl30 

transcriptional and translational region from tomato which 
was used to drive expression of the OFR438 and tyrA gene 
products . Cytosol-- specif ic expression of the melanin 
synthesis genes yielded transgenic plants having a normal 

10 phenotype as compared to untransf ormed control tobacco • 
(Table 1 . ) Melanin synthesis is not detectable in these 
plants as the sxobstrates for melanin production are not 
expected to be present at high levels in the cytosol. 

A second set of transgenic plants was obtained using 

15 binary vector pCGIsr4272 which specifically targeted the 

polypeptides expressed from the melanin synthesis genes to 
the plastids of these plants. Transgenic plants transformed 
with PCGN4272 contained a DNA construct containing the 
tomato pZ130 transcriptional and translational initiation 

20 region and DNA encoding a tobacco SSU transit peptide and a 
6 cimino acid region of the mature SSU polypeptide coupled 
to the OFR438 gene and DI3A encoding a tobacco SSU transit 
peptide and a 6 amino acid region of the mature SSU 
poiypepti<3^ coupled to the tyrA gene. The transit peptide 

25 was used to direct the transport of the ORF438 and tyrA 
gene products to the plastids of these plants. Plastid- 
targeted expression of the melanin synthesis ORF438 and 
tyrA products resulted in plants Chaving altered phenotype 
(see Table 1) . The phenotypic alterations included 
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meristeni abortion, stunted grovTth, narrow leaves, and new 
leaf .curling. ^■filiMatiiiWli^^^ "^^^L 
some of the transgenic plants ^ifeited iaeristem^ 
and black streaks over various portions of the plant and 
different meristimatxc regions relative to control plants, 
in addition, the ||^l;pbwer buds of these tran^ 
pfets x«rere extremely P^i^M' canpared to those transgenic 
plants which expressed the cytosol-specif ic melanin 
synthesis gene products or coitpared to control plants. The 
pZ7 promoter is known to result in foreign gene expression 
in ovary and meristem derived tissue. The observation of 
this phenotype is believed to be due to depletion of the 
tyrosine amino acid pools in the plastid and/or the effect 
of auxin-like melanin compounds on plant growth and 
development . 

TABLE 1 

Number of Plants Plants Having 
Generated Altered 
Phenotype 



Control 



20 0 



Cytosol-Specific DNA 40 ^ 

Construct 



Plastid-Specific DNA 
Construct 
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Example 12 

rnnc^tnict'^ fnr Tarn^'^rina Pi nment SY Prhfisjs G^Pes 
Constructs which contain encoding sequences for 
bacterial genes involved in biosynthesis of pigmented 
compounds and sequences for directing transport of the 
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encoded proteins into plastids or vacuoles are prepared. 
The sequences are manipulated to be present on an 
NcoX/EcoRJ fragment which may then be further manipulated 
to add transcriptional initiation regions useful for 
5 providing transcription in plant tissues. Examples of 

useful promoters include pZ7, T7 (for plastid expression), 
and various promoters capable of providing for expression 
illgot t;c^^ fibers or plant flower petals . 

For plastid targeting, the constructs contain a 
10 fragment of the tobacco ribulose bisphosphate carboxylase 
small subunit gene encoding the transit peptide and 12 
amino acids of the mature protein (Tssu) positioned in 
reading frame with the appropriate encoding sequence. For 
production of indigo, pCGH5128 (Tssu::tna) and pCGN5129 
15 (Tssu::pig) find use for plastid targeting. The 

designation tna stands for the gene encoding tryptophanase 
from E. call, an enzyme which converts tryptophan to indole 
(Stewart et al,, (1986) J Bacterial 166:217-223) . The pigr 
designation is used for the encoding sequence to the 
20 protein for indigo production from Rhodococcus, which 
produces indigo from indole (Hart et al., (1990) J Gen 
Microbiol 136:1357-1363) . Both tna and pig were obtained 
by PGR. In pCGN5128 and pCGN5129 the transit from SSO 
includes the tobacco 54 amino acid transit peptide plus 12 
25 amino acids from the mature small sxobunit protein. 

For production of melanin in plants, constructs 
pCGN5075 {Tssu::TyrA) and pCGlSr5076 (Tssu : :ORF438) find use 
for plastid targeting. In this approach melanin synthesis 
comes from the expression of two proteins from Streptomyces 
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antlMotxaus, the tyrA which converts tyrosine to melanin 
and the ORF43 8, which is believed to assist the tyrA enzyme 
in copper binding (Beman et al., (1985) Gene 37:101-110). 
Both proteins were obtained by PCR. In pCGN5076 and 
5 pCGN5075.the transit from SSU also includes the tobacco 54 
amino acid transit peptide plus 12 amino acids from the 
mature small subxinit. 

For vacuolar targeting of the melanin synthesis genes, 
constructs include a fragment of the 

10 metal locarboxypeptidase inhibitor gene, encoding the entire 
32 amino acid N-terminus signal peptide of that protein 
plus 6 amino acids of the mature protein (CPI+6) (Martineau 
efc al., supra), positioned in reading frame with the 
appropriate encoding sequences. In addition to the signal 

15 peptide, a sequence encoding a vacuolar localization signal 
(VLS) is inserted 3' of the protein encoding sequence. 
Thus, for melanin production in vacuoles, CPI+6 tyrA: : VLS 
and CPI+6: :ORF438: : VLS are used* In this example, the VLS 
utilized is the 8 amino acids obtained from beyond the C 

20 terminus of the metal locarboxypeptidase inhibitor gene 
described in Martineau et al. 

As shown by the above results, expression of a gene of 
interest can be obtained in cells derived from ovary cells, 
including tomato fruit gind cotton fibers, and expression of 

25 genes involved in synthesis of pigments combined with 

appropriate targeting sequences results in modification of 
color phenotype in the selected plant tissue. 
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All piiblications and patent applications cited in this 
specification are herein incorporated by reference as if 
each individual publication or patent application were 
specifically and individually indicated to be incorporated 
5 by reference. 

Although the foregoing invention has been described in 
some detail, by way of illustration and example for 
purposes of clarity and imderstanding, it will be readily 
apparent to those of ordinary skill in the art that certain 
10 changes and ):aodif ications may be made thereto, without 

departing from the spirit or scope of the appended claims. 
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What is claimed is: 

1. A DNA sequence comprising as operably joined 

5 components in the direction of transcription, a transport 
signal encoding sequence from a plant nuclear-encoded gene, 
and an open reading frame encoding a protein required for 
synthesis of a pigment* 

2 . The DNA sequence according to Claim 1 , wherein 
10 said transport signal encoding sequence encodes a plastid 

transit peptide- 
s' The DNA sequence according to Claim 2, wherein 
said sequence further comprises a portion of the mature 
protein encoding region for said plant nuclear -encoded 
15 gene, 

4, The DNA sequence according to Claim 1, wherein 
said transport signal encoding sequence encodes a signal 
peptide which provides for transport across the rough 
endoplasmic reticulxim. 
20 5. The DNA sequence according to Claim 4, wherein 

said sequence further comprises , 3 ' to said open reading 
frame, a vacuolar localization signal. 

6, The DNA sequence of Claim 1 wherein said pigment 
is melanin or indigo. 
25 7 . The DNA sequence of Claim 6 wherein said open 

reading frame is from a bacterial gene. 

8- The DNA sequence of Claim 7 wherein said bacterial 
gene is selected from the group consisting of ORF438, tyrA, 
pig, and tna. 
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9 . A DNA construct comprising a promoter for 
transcription in a plant cell operably joined to said DNA 

sequence of Claim 1. 

10. The DNA construct of Claim 9 wherein said plant 

5 cell is a cotton fiber cell. 

11. The DNA construct of Claim 10 wherein said 
promoter is a tomato pZ7 promoter. 

12. The DNA construct of Claim 9 wherein said plant 
cell is a flower petal cell. 

10 13 . A plant cell comprising a DNA construct of Claim 

9. 

14 . A plant comprising a cell of Claim 13 . 

15 . A method of modifying color phenotype in a plant 
tissue, said method comprising: 

15 transfonaing a plant cell with DNA comprising a 

construct for expression of a protein in a pigment 
biosynthesis pathway, wherein said construct comprises as 
operably joined conponents: 

a transcriptional initiation region functional in 

20 cells of said plant tissue, 

a transport signal encoding sequence from a plant 

nuclear-encoded gene, 

an open reading frame encoding a protein required for 

synthesis of a pigment, and 
25 a transcriptional termination region functional in 

cells of said plant tissue, 

wherein said plant tissue comprises a substrate of 

said protein; and 
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growing said plant cell to produce a plant comprising 
said tissue, wherein said protein reacts with said 
substrate to produce said pigment. 

16, The method of Claim 15 wherein said transport 

5 signal encoding sequence encodes a plastid transit peptide. 

17 . l*he method of Claim 15 wherein said transport 
. signal encoding sequence encodes a signal peptide which 

provides for transport across the rough endoplasmic 
reticul\am, 

10 18. Ihe method of Claim 16 wherein said DNA comprises 

constructs for expression of two proteins in a pigment 
biosynthesis pathway, wherein each of said constructs 
comprises components i) through iv) , and wherein said two 
proteins are not encoded by the same gene, 

15 19 . The method of Claim 17 wherein said DNA comprises 

constructs for expression of two proteins in a pigment 
biosynthesis pathway, wherein each of said constructs 
comprises components i) through iv) , and wherein said two 
proteins are not encoded by the same gene, 

20 20. The method of Claim 18 or 19 wherein said pigment 

is melanin and said proteins are encoded by tyrA and 
ORF438- 

21. The method of Claim 18 wherein said pigment is 
indigo and said proteins are tna and pig. 
25 22 , The method of Claim 15 wherein plant tissue is a 

cotton burr. 

23 . The method of Claim 15 wherein said plant tissue 
is a flower petal. 
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